Quarterly marketing margin equations for pork, beef and lamb by Karg, Georg
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1969
Quarterly marketing margin equations for pork,
beef and lamb
Georg Karg
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural and Resource Economics Commons, Agricultural Economics Commons,
Animal Sciences Commons, and the Economics Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Karg, Georg, "Quarterly marketing margin equations for pork, beef and lamb" (1969). Retrospective Theses and Dissertations. 16559.
https://lib.dr.iastate.edu/rtd/16559
QUARTERLY MARKETING MARGIN EQUATIONS FOR PORK, BEEF AND LAMB 
by 
Georg Karg 
A Thesis Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
MASTER OF SCIENCE 
Major Subject: Economics 
Approved: 
Signatures have been redacted for privacy 
Iowa State University 
Ames, Iowa 
1969 
/ .d / 
I 
ii 
TABLE OF CONTENTS 
I ,2 Page 
I. INTRODUCTION 1 
II. REVIEW OF LITERATURE 3 
III. THEORETICAL ECONOMIC CONSIDERATIONS 10 
IV. STATISTICAL CONSIDERATIONS 20 
v. VARIABLES AND DATA 31 
VI. ANALYTICAL PROCEOUR.E AND EMPIRICAL RESULTS 42 
VII. SUMMARY AND CONCLUSIONS 94 
VIII. SUGGESTIONS FOR FURTHER STUDY 101 
IX. BIBLIOGRAPHY 102 
x. ACKNOWLEDGMENTS 107 
XI . APPENDIX 108 
1 
I. INTRODUCTION 
This study is part of a project intended to find optimal marketings 
fo r the United States' pork-beef-and lamb economy. According to G. W. 
Ladd and H. Kuang (14, p. 209) optimal marketings are defined as the an-
nual volume of marketings , together with its quarterly distribution, 
that maximizes net farm income from por~ beef and lamb . The project is 
carried out in three stages . 
In stage one, a quarterly econometric model of the beef, pork and 
lamb economy i s developed and statistically estimated. This model in-
cludes equations for consumer demand, inventory demand, farm-wholesale 
margins and wholesale- r etail margins . 
In stage two, data on farm costs of beef, pork and lamb production 
are collected. 
In stage three, the model developed in stage one and the cost da ta 
collected in stage two are us ed to determine volume s of farm production 
and seasonal patterns of marketings that will maximize farmers' net income 
from pork, beef and lamb production. 
This study is part of stage one. A.Buttimer focused in an unpub-
lished M.S. thesis (4) on the consumer demand equations for meat . He 
investigated the nature of the quarterly fluctuations in the aggregate 
consume r demand functions fo r beef, pork, lamb and broile rs. 
The present study investigates factors inf luencing the farm-wholesale 
marginsand the wholesale-retail margins for beef, pork and lamb . The 
investigation covers the period from the first quarter of 1954 to the 
fouFth quarte r of 1967. 
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The work is present ed in the fol lowing steps . In Chapte r II 
previous work on forces affecting marketing margins is reviewed . In 
Chapters III and IV economic and statistical considerations a re pr esented . 
Chapter V deals with the definition of the variabl es and the sources of 
data , followed by a n ou tline of the analytical procedure and discussion 
of the r esults in Chapter VI . 
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II. REVIEW OF LITERATURE 
Since the middle nineteen thirties, the Department of Agriculture 
has computed marketing margins fo r farm products. In the nineteen 
fif t ies , a ttention shifted from the mere measuring of spreads to a n 
economic analys is of factors affecting pr ice spr eads . 
R. c. Buse and G. E. Brandow (3, pp . 362-370) applied ordinary least 
squares regression to annual and quarterly data for 20 agricultural com-
modities to determine the r elation of farm-retail price spreads for in-
dividual foods to the following independent va r iables: 
x1 = farm-re tail spread for the market basket of farm food (MBM) 
x2 i = civil ian disappearance or per capita consumption of commodity i 
x3i = re t ail price of commodity i, adjusted fo r trend and price level 
x4i = price direction indicator for commodity i 
x
5 
= linear measure of time with its origin at 1946 
The r esults for the price spreads of beef, pork and lamb are given 
in Table 1 . 
Table 1. Results for price spreads of beef, pork and lamb (3) 
Percent change in margin associated with 
Commodity one percent change in 
Xl x2 X3 X4 X5 R2 
Beef 2.55*** • 07 .30 - . 024** -. 67 . 83 
Pork . 67*** . 51** . 18 - • Oll . 45** • 82 
Lamb 1. 02 . ss 1 . 08*** - • 016 . 39 . 84 
***Significantly different from zero at the l percent level . 
**Significantly different from zero at the 5 percent level . 
*Significantly different from zero at the 10 percent level . These 
footnotes apply, here and throughout the thesis. 
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Wayne A. Ful ler (6) and Wayne A. Full e r and George W. Ladd (7, pp . 
797-812) focused in the framework of a dynamic quarterly model of the beef 
and pork economy on a de tailed s tudy of factors influencing the fa rm-
whol esa le and wholesale-retail marginsof pork and beef . They used auto-
r egressional ordinary least squares and quarte r ly data for the period 1949, 
III to 1960 , I, and experimented with several equations for the farm-
wholesale ma rgin for beef . Independent variables were t he wholesale 
margin fo r bt::.ef and pork lagged one quarter , the whole::;ale margin fo r beef 
lagged t wo quarters , the wholesale price of beef and pork , the changes in 
the wholesale pr ice of beef , the changes in fa r m marketi ngs of beef a nd 
pork , the lagged changes in beef fa rm marketings , the percentages of all 
slaughter s teers at Chicago, Omaha and Sioux City grading prime or choice 
and seasonal dummy va riables. 
The fa rm-wholesale margin equat ions for pork included as independent 
variables t he who lesale margin for pork lagged one and two quarte rs, the 
wholesale price of por k , the changes in wholesale price of pork, the 
changes in farm ma r ketings of pork a nd beef , the change in f arm market-
ings of pork lagged one quarter and seasonal dummies . 
Similarly they presented t wo equations for the wholesale-retail beef 
margin . Independent variables were the wholesale- retail ma rgin f or beef 
lagged one quarter, the deflated wholesale price of beef, the change in 
def lated wholesale price of beef and pork , the deflated hourly wage 
earnings in fo od a nd liquor stor es , a va riable equal ling the first dif-
ference in deflated wholesale price of beef in the 1st and 2nd quarter 
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and equal ling the negative of the first difference in def late l whole-
sal~ beef price in the 3rd and 4th quarters, and seasonal dummies . 
The wholesale-retail pork margin equations included as i ndependent 
variabl es the retai l margin of pork lagged one quarter, the first dif-
ference of deflated wholesale price ot beef and pork, the deflated hourly 
wage earnings in food a nd liquor stores, and seasonal dummies. 
The results of these equations (sign of regression coefficients and 
their sign~icance level) are given in Table 2 together with unpublished 
r esults obtained by Harvey Kuang (11). He regressed the farm-wholesale 
margin for pork on the farm-wholesale margin for pork lagged one quarter, 
the change in farm pork production and seasonal dummies . 
The farm-wholesale margin for beef included as independent variables 
the farm-wholesale ma r gin for pork, the deflated wholesale beef price, 
the change in farm beef produc tion, the percentage of all slaughter s teer 
sales at Chicago, Omaha and Sioux City grading prime and choice, a 
whol e sa le labor cost index (the ratio of deflated meat manufacturing wage 
rate index to index of output per production worker manhour) and seasonal 
dummies. 
The wholesale-retail pork margin was regressed on the retail margin 
of pork lagged one quarter, the change in deflated wholesale price of 
pork, def lated hourly wage earnings in food and liquor stores and season-
al dummies. 
The wholesale-retail pork margin was regressed on the retail margin 
of pork lagged one quarter, the change in deflated wholesale price of 
Table 2. Summary of the results obta ined by w. A. Fuller (6) and H. 
Kuang (11) 
Independent Wholesale Wholesa l e mar- Whol esal e mar- Retail margin 
variable macgin gin, lagged g in, lagged lagged one 
Dependent one quarter two guart e rs quarter 
~t ~t p B p B p B variable MWt- 1 MWt-1 MW t - 2 MWt-2 M Rt-1 MRt- 1 
~t F 
+*** + 
** 
K + *** 
F +** +** 
~t 
K +* 
F + 
K + * 
F *"*' 
+ -lrl< 
K + 'kk* 
Choice 
variable Cos t index Dumml'.: va riables 
2a 
Cht HRt C-wt CRt Dl 02 03 D4 R 
F + + + .574 ~t . 556 K + -**' 645 + . 
F +***' + + + + . 568 ~t . 494 K + ***' +*** -** * - + . 873 
F + + + + + .753 
{t 
K +*** + + • 752 
F + ***' + + . 881 
MB . 660 
Rt K +*** + + * +* . 715 
aThe R2 values indicate ~ighest and lowest ones obtained in correspond-
ing equations . A single R2 value indicates that only one equation was presented . 
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Independen t Wholesale Change in Change in Change in farm ma r -
variable price wholesale farm mar- ke tings l agged one 
price ket ings qua rter 
Dependent pp PB p 6 PB B ) ' p B p B variable Wt Wt 6Pwt Wt PWt 6QFt ,~Q Ft 6 QFt-l 6.QFt - 1 
F *** + ~t ** 
K +* 
F 
~L -** + + +** + 
K -*** +* 
F -** + 
Mp 
Rt K -*** 
MB F +*** +*** -*** +*** 
Rt 
K +*** + ** -*** 
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pork, deflated hourly wage earnings in food and liquor stores and seasonal 
dummies. 
The wholesale-retail margin for beef was regressed on the wholesale-
r etail margin of beef lagged one quarter , the deflated wholesale price 
of beef , the change in deflated wholesale ptice of beef and pork , deflated 
hourly wage earnings in food and liquor stores, a retailing cost index 
(weighted average of deflated cost indexes of intermediate materials, non-
returnable containers, full and related products and retail wage rates all 
divided by index of productivity of labor in retailing) , and seasonal 
dummies . 
Table 2 uses the notation introduced by W. A. Fuller (6 , pp. 19, 20) . 
Since this notation is used and extended throughout the remainder of the 
text it is explained here. Most variables have to be identified with 
respect to commodity (pork, beef and lamb), marketing level (farm-whole-
sale, wholesale-retail) and period of time . 
For this reason the fa rm-wholesale mar gin of pork in quarter t is 
denoted by ~t where M stands for margin, P for pork, W for fa rm-wholesale 
and t fo r quarter t . As a rule, the basic letter denotes the variable in 
the most general sense,(M for margin , Q for quantity, P for price, C for 
cost , etc. ) The superscripts refer to the three commodities (P to pork, 
B to beef , L to lamb) . The subscripts are related to the marketing l evel 
(W to farm-wholesale, R to wholesale-retail and in some cases F to farms) 
and time period. Where identification of a variable with respect to 
commodity and marketing level is not necessary the corresponding s uper-
and su bscripts are dropped. 
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A. c. Manchester (16 , pp . 888- 894) investigated the s hortrun ef-
fects of f our variables on mar keting mar gins for te~ commodities ( fresh 
f ruits a nd vegetables) . Of A. C. Manchester ' s work the method is more 
important f or t his thesis than the r esults . He used standard linear re-
gression techniques and quarterly data f or the per iod 1947 through 1958 
fo r the follc:Ming independent variables: 1) farm price of the commodity; 
2) index of marketing costs f or f resh f ruits and vegetab les , inc luding 
wage rates in retailing, wholesaling , and packing-house operation, 
rail f reigh~ rates , construction costs, equipment prices, container prices 
and utilities· 3) quantity (unloads of each commodity in 14 major markets) 
and 4) weight~d average of the length of shipment of the quantities un-
loaded in t he 14 major markets. 
The four variables explained from 52 to 88 percent of the variance 
in the margins of the corresponding commodities . Most coefficients wer e 
significant (29 out of 40) . 
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III . THEORETICAL ECONOMIC CONSIDERATIONS 
A. Definition of Farm-Wholesale and Wholesale-Retail Margin 
Moving livestock from the farm and converting it to meat in the re-
tail s tore requires a sequence of services which includes exchange of 
ownership of l ivestock and meat, meat-packing, wholesaling and retailing . 
The gross return per pound of meat to marketing agencies for rendering 
these services is called marketing charge, marketing spread or farm-
retail margin. More exactly the farm-retail margin is the difference be-
tween the retail price per pound of a given product and its net farm value. 
The retail price is an estimated weighted average price per pound of re-
tail cuts (beef and lamb; choice grade, pork; general; 32, p . 138). The 
net farm value of a retail -product is defined as the difference between 
gross farm va l ue and by-product allowance. Gross farm value is the payment 
to farmers for the quantity of live animal equivalent to 1 pound of retail 
cuts, i.e. pork, 2.0 pounds; beef, gr adually increased from 2 . 07 pounds 
to 2 . 25 pounds for 1963 and later years; lamb , seasonal variation from 
2.33 pounds in April to 2 .38 pounds in October (32, p . 138) . The by-
product allowance is defined as the portion of gross farm value attributed 
to edible and inedible by-products. Therefore, retail price per pound of 
retail cuts minus net farm value of an equivalent quantity of farm products 
gives the farm-retail spread. 
The farm-retail margin can be subdivided into farm-wholesale margin 
and wholesale-retail margin, where the farm-wholesale margin equals the 
difference between wholesale price of a given product and the net farm 
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value of the equivalent quantity of farm product, and the wholesale-retail 
mar gin is the difference between reta il price per pound of r etail cuts 
and the net wholesale value of the equivalent quant ity of wholesale product 
(additional information in 33, p. 10). 
B. Theoretical Considerations 
1. Farm-wholesale margin 
The definition of the farm-wholesale margin as difference between 
the wholesale price per pound of a given product and the net value of the 
equivalent quanti ty of farm product can be s t ated as follows : 
where 
M._ = farm-wholesale margin in period t (superscripts for pork, 
-~t 
beef and lamb are omitted in this part) 
PWt = wholesale pr ice in period t , and 
k = correction factor, which indicates the quantity of farm product 
equivalent to one pound of wholesale product . 
Alternatively the margin can be thought of as a g ross return to 
marketing agencies fo r services required to convert live animals in the 
local market into carcasses on the wholesale market. If we assume that 
these services are rendered by h different vertically integrated firms 
(h = 1, . • • , m) the margin can be written as 
where 
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Qht = the quantity of wholesal e product processed by firm h in 
per iod t 
TCht = the total cost incurred by firm h in period t 
if ht = the total profit earned by firm h in period t . 
Thus , the farm-wholesale margin is equivalent to the sum of total 
cost and profit per unit of wholesale product processed by firm h in 
period t . Profit is zero for the marginal firm and positive for any firm 
which does better. Given these definitions, the ob ject of this study is 
to find factors which influence the farm-wholesale margin in the short 
and long run . 
a . Shortrun The following assumptions are made : 1) firm h 
operates under perfect competition as buyer and as sel ler, i . e . PFt and 
Pwt cannot be influenced by firm h; and 2) firm h tries to maximize prof its . 
With given PWt and PFt this is equivalent to minimizing TC per unit of 
wholesale quantity produced. 
Given the technol ogical constraints of firm h the r e is one Qht which 
maximizes total profit of firm h . The conditions for maximum profit of 
a multiproduct firm with given technological constraints are derived by 
R. E. Kuenne (12, p. 181) . 
If all the firms h = 1, ••• , min the industry reached this equilibri-
um, the corresponding margin is called the short run equilibrium margin . 
It is equivalent to the average total processing costs of the marginal 
firm of the indu stry needed to process the aggregate farm supply. 
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Assuming that the cos t structure and functions of the industry are 
s table in the s hortrun , shortrun changes in the margin can be caused only 
by changes in the quantity processed and in the prices of inputs . 
Under the assumption that all fi rms in the industry operate at op-
timal capacity , an increase in farm marketings leads to an increase in 
d ATC 
t he margin s ince f or all firms MC ~ ATC or dQ > 0 . The increase in 
ave rage total cost and in the wholesale margins is due to the hiring of 
additional employees and/or payment of overtime to present employees to 
pr ocess the increased quantity [ Fuller (6, p . 31)]. 
Conversely , Fuller (6, p. 31) states that "during periods of de-
creasing farm marketings, packers compete to maintain the operation of 
thei r plant and to maintain the s uppl y of products to their customers". 
Thus prices rece ived by fa rmers increase and margins narrow. Bre imyer 
(2, p . 692) states that margins widen mor e than the increase in costs due 
to "the desire of the entire meat trade for stability in prices and vol-
ume". Instability in volume and in prices caused by seasonal variation 
on either production or consumption side , therefore, seems to have an 
influence on the wholesale margin. Indicators of instability in volume 
are changes in fa rm marketings and in inventories. Instability in prices 
received by fa rmers and in wholesale prices is indicated by first dif-
ferences in farm and wholesale prices. 
If the assumption that all the f irms operate at optimal capacity is 
relaxed, an increase in farm marketings may decrease the margin, since 
average total cost of a firm operating in the r egion MC < ATC decreases 
~;i th an increase in quantity proces sed . 
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Since beef and pork are often proces sed in the same plants or by the 
same f irms in different plants (6 , p. 31), the wholesale margins for beef 
a nd pork may be relate d with each other. For instance, an increase in 
the cost of operation due to an increase in farm marketings of beef may 
be spr ead partly ove r the pork margin. 
W. A. Fuller (6, p. 77) pointed out that the percentage of all beef 
which is choice beef has an infl uence upon the farm-whol esale margin of 
beef since t he wholesal e price in the defini tion of this margin refers 
to choice grade beef. 
So far only changes i n the whol esale ma r gin have been taken into 
account. It i s not attempted to explain the level of the wholesale margin , 
except in terms of pr evious levels . 
b . Longrun In the longrun the firm can al ter i ts plant and equip-
ment . The definition of the farm-wholesale margin, therefore, has to be 
changed slightly. 
1 = Qht (LTCht + Tiht)' where LTCht is the longrun 
total cost of fir m h in period t . To put forth the argument the follow -
ing assumpt ions are made: 
l ) the firm operates indefinitely under perfect competition as 
buyer a nd as seller; 
2 ) the f irm maximizes profits. 
Then the fir m has to determine both its rate of output and the 
combinat ion of fa ctors (expendable input fa ctors and opt imal stock of 
plant) which maximize profit . Since the firm has no influence on .flwt 
LS 
and PFt' maximiz ing p rofi t in the longrun is equival ent to pr oducing a t 
minimum long run average total cost . Thus the whol esal e marg in r e pre -
senting the cost of servi ces and a profit allowance should tend t o de-
creas e in the long run. However, ga ins in efficiency are us ually outpaced 
by increases in the prices of short and long lived factors of pr oduction 
and the number of ope rations required. 
There is a wide va r iety of costs i ncurre d by marketing agencies . In 
addition to labor and tra ns por tation and de preciation cha rges these in-
clude rent, taxes , adve rtising , powe r, new plant a nd eq uipment a nd a wide 
variety oE s upplies and containers . An analysis of the inf l ue nce of 
these cos t items on the wholesal e ma rgin has to be based on the importance 
of these items in total costs a nd on the ava i lability of data . 
It can be concluded tha t the wholesale marg in fo r one commodity i s 
influe nced in the s hortrun by : 
1. changes in its farm marketings and the fa rm marketings of othe r 
commodities 
2 . changes in its inventories 
3 . fa rm and wholesa l e prices of the commodi ty 
4 . changes in farm and whol esale prices of the commodity 
S. wholesale margins of othe r items 
6. wholesale margin of the commodity lagged one quarte r 
7 . prices of inputs used on the wholesa l e l evel , and in the 
longrun by 
1 . cost of l a bor on the who l esale l eve l 
2 . product iv ity of l a bor on the wholesa l e l evel , a nd 
3 . prices of inputs used on the wholesa l e leve l. 
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Thi s hypot hesislwill be tested by means of r egression analysis in 
Chapter V. 
2. Wholesale-retail margin 
The definition of the wholesale- retail margin can be stated as fol-
lows : 
where 
MRt = retail margin in period t (superscripts for beef, pork and 
lamb are omitted) 
PRt = retail price i n period t 
PWt = wholesale price in period t 
k' = corr ection factor which takes into account the loss in weight 
of meat from the whol esale to the retail level . 
Again the retail margin can be thought of as a g ross return to mar-
ket ing agencies for performing r etailing operations . 
wher e 
Qit = the quantity retailed by the ith r e tailer (i = 1, •• • , n) 
in period t 
rrit = the total profit earned by retailer i in period t 
Given these definitions, the study tries to determine f actors which 
influence the retail margin in the short and longrun . 
1The factors affecting the farm-wholesale margin of a commodity in 
the short and longrun r emain essentially the same even if the assumption 
of perfect competition i s r e laxed. 
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a . Shortrun Fuller (6, p. 17) suggested viewing the r e tailing 
operation a s a multiproduct fi rm purchasing raw materials, performing 
additional services on these materials and selling the finished product. 
If it is ass umed that retailers operate under perfect competition as 
buye rs and as sel lers (Pwt and PRt are given), profit maximization is 
equivalent to minimi zing costs of whatever is produced within the given 
range of technological poss ibilities. As it turns out these assumptions 
are not fulfilled . The r etail price is not given but results from the 
pricing policies (markup) of the individual marketing firms . Further, 
multiproduct marketing firms contend that the margin for any one product 
or group of products cannot be explained on the basis of costs because 
pricing policies a r e directed towards the net return from the sale of 
all products (43, p . 11). 
For the explanation of shortrun movements of the retail margin, there-
fore, cost analysis of a s ingle product seems les s appropriate than a 
brief discuss ion of the pricing behavior of retailers . 
In the shortrun, the only important variables in reta i i 
pric ing , other than the behavior of competitors and customs , are the whole-
s.a.J.e price of the commodity and prices of i~put& . Depending on the 
degree of competition among retailers and the importance of the 
i t em in the family budget, the pricing policies va ry for different com-
modities. Some commodities carry a constant percentage markup to the 
whol esale price; others have a constant dol lar markup . 
Holdren (9b, p. 4) pointed out that the optimum be haviorfor a retailer 
having the wholesal e price as marginal cost and facing a linear demand 
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f unction of t he form K - b Q = PR is to change the retail price by 
one-half the change in wholesale price . Since MC = Pw and TR = (K - bQ) Q 
MR = K - 2 b Q 
MC = Pw = MR = K - 2b Q = 2PR - K 
d PR 
= 1 
d Pw 2 
Conver sely this result explains why wholesale and farm prices flue-
tuate more than r etail prices . 
I t was, however, observed by the U. S. Department of Agr iculture that 
changes in r etail pr ices lag behind changes in wholesale prices a nd it 
was explained as foll ows (42, p . 18): 
Given a n increase in the wholesal e prices , the r etailers hes itate at 
fi rst to change r e t a il prices. Therefore , the retail margin narrows . If 
the wholesale prices are maintained or continue t o incr eas e , retail prices 
and retail mar gins will increas e . Conversely , i f wholesale pr ices de-
crease, r etailer s have at fi r st little i ncentive to change retail prices. 
As a res ult margins wi den. If t he lower wholesale prices are maintained 
or continue to fall, competition among r etailers will lea d to a decrease 
in reta i l prices and retail margins . 
Because of the s ubstitutability of beef and pork in consumption and 
the fact that be ef , por k and lamb are often retailed in the same store, 
interdependencies be tween the prices of beef and pork at the wholesale 
and retail l evel and between the r etail margins of the thre~ commodities 
may exist . 
I n this analysis only changes in the r etail ma rgin are examined. As 
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in the case of the wholesale margin, the level of the retail margin is 
merely explained as a f unction of previous levels . 
b. Longrun In the longrun the assumption of s table costs in 
food retailing h.as to be dropped . It appears that during longer periods 
the retail margins are influenced by changes in marketing costs . Among 
the different cost items, labor costs are the most important ones, ac-
counting for two-thirds of all costs in r etailing (43, p. 14) . Other costs 
are involved such as rents , supplies, containers, new plant and equipment . 
Increases in costs, however, have to be compared with increase in produc-
tivity of labor in food retailing. 
It may be concluded that the retail margin for one commodity is in-
fluenced in the shortrun by : 
1. its wholesale price 
2. the changes in its wholesale price and the wholesa le prices of 
other items 
3 . the retail margins of the other products 
4. the r e tail margin of the commodity lagged one quarter 
5 . prices of inputs; and in the long run by: 
1. the cost of l a bor 
2. the prices of input s 
3 . the productivity of labor in retailing. 
This hypothesis 1 will be tested in Chapter V usi ng multiple regression 
and quarterly data on the variables to be defined explicitly. 
lAgain, relaxing Lhe assumption of perfect competition does not alter 
the hypothesis on factors affecting the wholesale-retail margin in the 
short and long run. 
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IV. STATISTICAL CONSIDERATIONS 
The s tatistical procedures use d were ordinary least squares and two-
stage least squares applied to single equations. Tile results obtained 
by ordinary least squares were examined in order to determine whether 
the use of the estimation procedure developed by A. Zellner (63) is justi-
f i ed . 
This chapter deals with s tatistical considerations relevant to the 
application of the procedures mentioned above. 
A. Appl ication of Least Squares to a Single Equation 
One dependent and one or more independent variables: 
Spherical disturbances 
1. The model 
1.1 y=xJ3+' 
l.l 
1. 3 
y i s a T x 1 vector of observations on the dependent 
variabl e 
X is a T x K matrix of observations on K independent 
variables . Xi is dummy variable, consisting of a 
column of one 
f3 i s a K x 1 vector of coeffi c ients 
e is the T x l vector of res iduals . 
Y1 1 X12 • XlK f3 1 
= + 
YT l X,.2 JS.K f3K ET 
E ( €) " 0 
E (.£ £ ') = 0 2 I 
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This implies 
E£ 2 
t 
2 = a for all t = 1, • • . , T (hornoskedastic dis-
E f e 
s t 
= 0 fo r a 11 s f t 
1 . 4 Xis fixed in repeated samples 
1 . 5 r(X) = K ~ T 
turbances) 
(independent dis turbances) 
Depending on the value of K (number of independent variables) 
diff erent authors use different terms to identify this model : 
K = 2 (X1 is dummy var iable, Xi is independent var iable) 
Simple Regr ession, Christ (5 , p . 358) 
Two-variable Linear Model, Johnston (10, pp . 3-43) 
K > 2 
Multiple Regress ion, Christ (5 , pp. 380-390) 
Ge neral Linear Model, Johnston (10, p . 106) 
Classical Linear Reg r ession Model, Goldberge r (8 , p . 161) 
Adding the assumption 
1. 6 € is normally distributed 
the model is called Classical Norma l Linear Regression 
Model, Goldberger (8 , p . 171) or 
Linear Non.1al Model, Ladd (13, p. 1) . 
2 . Estimation of the parameters ~ and a2 
2 .1 Estimat ion of ~ 
The quant ity t o be minimized in the estimation of ~ is 
s = €IE " ' /\. = (y - ~) (y - xJ3) 
A I'\ /\ 
= y 'y - 2~ ' X'y + ~ ·x·~ 
3 . 
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The minimum of S i s found by diffe r entiating S with r espec t 
to 13 , setting the derivative equal to zero a nd solving for p. 
as A = - 2X'y + 2X' xJ3 = 0 a~ 
/\ 
2 . 2 
2X ' X. 
f3 = (X'X)-lX'y 
The fac t that X'X i s positive definite e ns ures 
that ~ defines the minimum of the s um of s quares 
of deviations of the observed values of y from 
the regression plane. 
Estimation of 
2 
CT 
Johnston (10 , pp. 112, 113) s hows that an unbia sed es ti-
mator of a2- is 
s2 
.... ' I\ 
= € € 
T - K 
Properties of ~ 
-a 3 . 1 Expected value of~ 
/\ 
E(f3) = E [ (X'X)-1 X'y) 
= E[(X'X)- 1 x·cJ$+E)] 
= 13 + E[(X'X)-l X'E] 
= 13 s ince E(~) = o. 
Thus 
/\ 
13 is a n unbiased estimator 
3 . 2 Variance of 
/\ 
f3 
/\ /\ /\ 
v Cl3) = E(~ - f3) Cl3 - f3) I 
= E[(X 'X)-lX'E E1 X(X'X) -l) 
= (X'X)-1X'E(EE')X(X'X) -l 
of 
= (X'X)- 1x•a2IX(X'X)-l us ing 
2 (X'X) - l = a 
13 . 
1. 3 
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It can be shown that least squares estima tes have munmum vari-
ance of all linear unbiased estimates of {3 , e . g . Yamane (62, 
pp . 493-495) and Goldberger (8, pp. 163-165) . 
This establishes the Gauss-Markov least squares theorem follow-
ihg Goldberger (8, p . 164). 
In the classical linear regression model the best ( = smallest 
variance) linear unbiased estimator of ~' the BLUE, is the 
leas t squares vector 
~ = (X'X) - 1x•y whose covariance matrix is 
Additional properties of the l east squares-hyperplane are 
given i n Goldberger (8, p. 159) . 
4 . Tests of hypotheses 
Only hypotheses on single coefficients are presented . 
In testing the hypothesis on a single coefficient 
~ = {3iH the test statistic is l. 
/\ p. - f'iH l. 
ti = which follows a t-distribution with T-K 
Si degrees of freedom. 
si is the standard deviation of f'i and is derived as follows : 
vc~) = a2cx•x)- 1 
? "'•" a2 is estimated by sr- = E E 
T-K 
Defining aii as the ith diagonal element of (X'X)-l 
"' "''" a v ([3 . ) = E- € ii 
l. T-K 
,/"•" ai i 
Standard deviation of ~i =~-""~-~~~~~ 
The test statistic, therefore, becomes 
/\ 
{3 i - f'iH 
A' .I\ 
€ E 
T-K 
a·. 
l. l. 
rvt(T-K) degrees of freedom. 
1 . 
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Tests of hypotheses on part or t he entirety of the vector .S 
are given in La dd (13, pp . 3, 4) . 
B. Appl ication of Least Squares to a System of Equations, Several 
Dependent and Independent Variables (Multiva riate Classical 
Linear Regression Model , Goldberger (8 , p . 207) 
The 
1.1 
1. 2 
1.3 
1.4 
model 
Ym = ~.Sm + E m 
Ee = 0 m 
E E e' = C1 I ru m m m 
This impl ies : 
I 
Ee m e m = crnun, I 
m = 1, .•• , M 
where I is T x T 
homoskedastic distu r bances and absence of 
seria l correlation of the distur bance t erms 
in equat i on m. 
This impl ies corre lation between contemporaneous dis t urba nce 
terms in differ ent equations. 
1 . 5 "\n i s fixed in r epeated s amples and 
1.6 
The 
Yl 
YM 
i . e . there is extraneous information that certain col umns of 
X can be deleted i n equation m = 1, • • • , M s uch that 
The system, t her efore , i s restricted . 
r(~) = ~ ~ T 
full model can be written following Zel lner (63, PP · 349 , 350): 
x1 0 0 .s 1 El 
0 ~ 0 
= + 
0 0 ~ .SM E M 
or compact l y y = xJ3 + € • 
= 
2 . 
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Then the var iance-covariance matrix of the disturbance terms 
be written 
E = E 
oll 
€1 
€2 
EM 
"'lM 
Cf 
MM 
Gi , 
~ I = 
' €;] C\l I olMI €2 
= 
"'Ml1 . . oMMI 
E 6a I 
wne r e I is the unit matrix of s i ze T x T. 
t I I 
Estimation of parameters ~where~ =<~ 1 , ~2 • • • ~M) 
= 
can 
Because of the assumptions 1 . 4 and 1 . 5 the equation- by-equation ap-
plication of least squar es is no t appropr iate . Zellner (63) developed for 
this case an efficient estimation procedure which involves application of 
Ait ken ' s Gener alized Least Squares to the whole system. The method is ex-
pounded in Zel lner (63) . Properties of the estimator are given in Zellner 
(63) and in Zellner and Huang (64). 
c . Application of Least Squares to a Single Equation of a 
Simultaneous Linear Structur al Model 
Jointly dependent va r iables appear as explanatory variables . 
1 . The model in st r uctural form 
i.1 YB+ xr = ( 
1.2 
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Y is a T x M matrix of observations on the jointly dependent 
va r iables 
B is an M x M matrix of coefficients of the j ointly dependent 
variables 
X is a T x K matrix of observations on the predetermined 
va r iables 
r is a K x M matrix of coefficients of the predetermined 
variables 
£ is a T x M matrix of values of the disturbances . 
E(E )t = 0 
m 
for all m = 1, M 
and t = 1, ••• , T 
1. 3 E € e = CJ I where I i s T x T 
mm mm 
This implies homoskedastic disturbances in equation m. 
1.4 Eem(t)em,(t) = amm' for all t = 1, .•• , T 
This shows that the contemporaneous covariance of the dis-
turbances in the different equations is the same for all t. 
1.5 EE (t) Em1(t') = 0 
m 
Al l lagged covariances between disturbances in the same or 
different equations are zero . 
1 . 6 X is fixed in r epeated samples . 
The fi rst equation of the complete system is written as 
+XK* f lK* = E 1 
where M* and K* represent the number of jointly dependent and prede-
termined variables included in this equation . Normalizing it by 
setting f311 = 1 and solving for y 1 yields 
* * * * Yl = -y2f312 - yM*f31M* - Xl t°ll - -Xi.<* f lK* 
whe r e f3~j = ~ij The same holds fo r O:j and 
tJ I 1 
* € 1. To simplify nota-
tion, however, we drop the asterisks . The above equation can be writ -
ten in matrix fo rm a s 
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yl = -Y2/32 - x*Ol + e 1 
where 
Yu Y12 YlM* 
1-1312 
Y1 = Y2 = 132 = 
I . 
I • 
YTl YT2 YTM* I /31M* 
I_ -
xll . . . . . XlK* ou 1 f; ll 
X*= t1 = El = 
X-r1 . . . . . Xue* !lKj €Tl 
In this equation e
1 
will in general be correlated with the 
explanatory variables in Y2 • The direct l eas t squares estimator , the re-
fore , will be biased and inefficient . A method of es timation which copes 
with this problem was put forth by Bas mann and Theil. Basmann (l, p . 77) 
calls it a generalized classical linear estimation method. Theil (18, 
p. 228) call s it the two-stage least squares method . 
2. Estimation of the parameters 
2.1 Estimation of 132 and t 1: 
The parameters of the equation can only be estimated if the 
equation is just-identified or over-identified, i . e . if the 
number of predetermined variables excluded f r om the equation 
is at least as g r eat as the number of endogenous variables 
included . Assuming the equation is over-identified the two-
stage least sq uares nethod (2SLS) goes as fol lows: 
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,.. 
Stage one : Replace Y2 by an estimated matrix Y2 computed by 
l east squares regression of the varia bles in Y2 on all the 
predetermined variables in the mode l . Since Y2 contains the 
vectors (y2 , y 3 , •• . , yM) the reduced-form equation f or Y2 
is in matrix notation: 
I\ 
Y2 = xn + v 
Then: 
A 
IT= (X' X)- 1XY2 
and 
Since 
/\ 
Y2 = Y2 + V 
where Y2 is T x M* - l 
X is T x K 
~is K x M* - 1 
V is T x M* - 1 
Y
2 
= X(X'X)- 1XY2 + V 
where V denotes the matrix of reduced form r esidua ls for 
the M*- 1 endogenous variables in Y2 · 
Substituting Y2 into the original equation gives 
"' Y1 = -CY2 + V) ~2 x* t 1 + € 1 
/\ 
= -Y2~2 X* f 1 + (€ l - V~2) 
Thus the explanatory variables in Y2 are "purged" of the 
stochastic component associated with the distur bance term € 
1
• 
Stage two : The second step in 2SLS consists in applying the 
least squares method to the es timation of ~2 and 'tl · 
Rewrite 
-~21 
ti 
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Denot ing [(Y2 - V) ~]as A and applying least squares t o this 
relation give s 
~~ = (A ' A)-l Ay1 • 
Deriving the product (A'A) allows some s implif ication as s hown 
in Johnston (1 0, p . 259) . Using these r esults t he 2SLS esti-
ma t or can be written as 
G 
Y2 - V 'V = - 2 
I 
'4Y2 
Th~ 2SLS estimator wil l exi~t onl y if the inverse on the right 
hand side of the above relation exis t s . A proof for the e xis -
tence of t he inverse can be found in Chris t (S, p . 437) . 
Analogous to simple regression analys is Goldbe rger (8, p . 332) 
shows for 2SLS a computationally e ffi cient formula which does 
not involve explicit computation of the residuals . 
2 . 2 Estimation of tOe covariance matrix of~~ 
The estimator is given by Goldberge r (8 , p . 333) : 
A A ,_ r, d s P2 ~l' ~2 r1 = s 2 Y2X~X' X) - 1X'Y2 ~;x* - 1 
X*Y2 ~ X* 
where s 2 is defined as 
" ,.. €'1 E 1 
S 2 = ( + T = Y1 
2 
In computing s the res ults of the 2SLS computational f or mula 
can be us ed . 
3 . Proper ties of the parameters 
/'o /-
3. l Expected value of ~2 and 0 1• 
Accordi ng to Theil ( 18 , p . 230) , the 2SLS estimator is under 
the assumptions on € and X not unbi ased for finite samples, 
owing to the presence of the matrix Y2 which consists of 
stochastic elements . But i t is asymptotically unbiased, i . e . 
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__ I 11:1 - l-tf321l lim e = 0 where e ~ · J J , provided that each r ow of 
(Y2 - V) is asymptotical l y an exact nonstochastic linear func-
tion of the corresponding row of X. This involves tha t the 
assumptions 1.2 through 1.5 concerning the disturbances in the 
structural-form hold for the reduced-form as well. Since the 
r educed - form dis t urbances are linea r combinations of the 
structural disturbances this holds as shown by Goldberge r (8, 
p . 301) . 
" . 
3 . 2 The covariance of f32 a nd t 1 • 
To establish and evaluate the pr operties of the covariance of 
f32 and t l knowledge of limited information maximum likelihood 
and sampling moments of k-class es timation is needed . 
In general the covariance "is only an approximation t o the 
asymptotic covariance , and beyond knowing that the approxima-
tion will improve with increasing sample s i ze , we do not know 
how poor it may be for finite sampl e sizes . " [ Johns t on (10, 
p. 263)) 
4 . Tests of hypotheses 
The procedure is conceptually the same as the one s hown previously . 
The formulas for the test statistics, however, are mor e involved and 
the refore are not pr esented . 
D. Autocorrela tion 
Relaxing as sumption 1.3 under A above and writing EE€ ' = <J 2 A 
where./\ is a nondiagonal matrix, all ows for autocorrelation . 
Application of least squares to a mode l conta ining autocorre l ated 
disturbances yie lds unbiased estimates of the ~·s. However, the sampling 
variances of the regression coeff i cients are underestimated. Therefore, the 
t and F tests are no longer valid ( 10, p. 179) . 
Severa l procedures were developed to test fo r the presence of auto-
corre lation in a model . However , t hese tests are not satisfactory 
whe never lagged va l ues of the dependent variable appear a s e xplana tory 
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variables (13b). Since this holds for all the equat ions to follow tests for 
the presence of autocorrelation were omitted . 
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V. VARIABLES AND DATA 
In t he previous two chapters theoretical considerations relevant for 
this study are described. This chapter deals with the definition of the 
dependent and independent variables. Furthermore the sources of data are 
given t ogether with procedures used to overcome difficulties encountered 
in collecting the da ta (incompleteness of time series, yearly instead of 
quarterly data). 
A. Definition of the Variables 
The dependent variables are defined as follows: 
Y1 = ~t = farm-wholesale margin of pork in quarter t 
Y2 = ~t = farm-wholesale margin of beef in quarter t 
y3 = r-tt = farm-wholesale margin of lamb in quarter t 
Y4 = t{t = wholesale-retail margin of pork in quarter t 
Y5 = B MRt = wholesale- retail margin of beef in quarter t 
y6 = {t = wholesale-retail margin of lamb in quarter t . 
The independent variables are defined as follows : 
xl 
p 
average price received by farmers for hogs 100 pounds, = PFt = per 
48 states, in quarter t 
~ = pB = average price received by farmers fo r beef cattle per 100 Ft pounds, 48 states , in quarter t 
X3 
L average price received by farmers for lambs = PFt = per 100 pounds, 
48 states, in quarter t 
X4 = 6Pp = 
p p 
Ft PFt - PFt-1 
X5 =/::;. pB = B B Ft PFt - PFt-1 
x6 =6. pL = Ft p~t - pL Ft-1 
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x 
7 
= pP 
Wt 
= wholesale price of pork in quarter t, 
of 100 pounds of pork cuts a t Chicago 
i . e . the wholesa le value 
Xg = p~t = wholesale price of beef in quarter t , i . e . the we i ght ed av-
erage of whol esale prices of choice gr ade carcasses in New 
Yor k, Chicago, Los Angeles , San Francisco and Seattle 
X = PL 
9 Wt = whol esale price of lamb in qua rte r t, i . e . we i g hted average 
of wholesale pr ices of choice grade carcasses in New York, 
Chicago, Los Angeles, San Francisco a nd Seattle 
X10= 6 P~t= p~t - ~t-1 
xll = 6 l~lt= p~t - pat-1 
X12=6 P~t= p~t - p~t- 1 
X13= 
p 
MWt - 1 
X14= 
B 
MWt - 1 
X15= 
L 
MWt - 1 
Xl6= 
p 
MRt-1 
X17= {t-1 
To der ive changes in farm ma rketings of por k, beef and lamb the 
following variables were used: 
Qp = fal"m marketings ( = commerc ial production) of pork in t 
million pounds in quarter t 
QB = farm marketings ( = comme r cial production) of beef in t 
million. pounds in quarter t 
QL = farm marketings ( = commercial production) of lamb in t 
million pounds in quarter t 
X19 =6Qp = Qp ~- 1 t t 
X20 =6Q~ = QB B t Qt-1 
~l =6Qt = Q~ L Qt-1 
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The following individual cost indexes were used in deriving composite 
cost indexes for the livestock and meat industry: 
ct = container and packaging material price index in quarte r t, 1957 - 59 =100 
Nt = new plant and equipment price index in quarte r t, 1957-59=100 
' 
Hwt = 
H~t = 
meat products - SIC201 - index of average hourly earnings of 
production worke r in quarter t,1957 - 59=100, derived from X2 7 
index of average hourly earnings of nonsupervisory worker in 
g roce ry, meat and vegetable s tores in quarter t, 1957-59=100, 
derived from X2 s · 
The weig hting systems applied to them in forming composite cost in-
dexes are based on the results of a study of the National Commission on 
Food Marketing on cost components of farm-retail price spreads for food 
(17) . 
X22 = clt = • 3Ct + . 7Nt = wholesale-retail factor price index 
~3 = C2t = . 1ct + . 2N t + • 71\Jt = cost index for the livestock and meat 
industry 
x24 = c3t = .1ct + . 3Nt + 
I 
• 6J1wt = cost index for the beef industry 
(farm-wholesale) 
X25 = c4t = • 04Ct + • llNt + 
I 
. 85Hwt = cost index for the 
(farm-wholesale) 
pork industry 
X26 = est = .le t + . 2Nt + 
I 
• 7HRt = cost index for the 
(wholesale-retail) 
meat industry 
X27 = c6t = Hwt = meat products - SIC201 - average hourly earnings of 
production worker in quarter t 
X2s = C7t = HRt = average hourly ea rnings of nonsuperviso r y worke r in 
g rocery, meat and vegetable stor es in quarter t 
prime and choice s t eer sales as a percentage of all grades 
sold at Chicago, Omaha , and Sioux City in quarter t 
X30 = Ch2L = prime and choice steer sales as a percentage of all g r ades 
sold at Chicago , Omaha, Sioux City, a nd prime and choice 
steer a11d Ile if er sa Les as a percentage of a 11 grades sold at 
Denver, Kansas City, St . Louis and So . St . Joseph in quarter t. 
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For the index of labor productivity in marketing farm-food pr oducts 
t wo sets of data were used. 
x31 = LPl t = index for labor productivity in marke ting farm- food products . 
LPlt was derived from data on hourly labor cost and unit labor cost 
in marketing farm-food products as follows: 
Since hourly labor cost (HLC) equals total labor cost (TLC) divided 
by total man-hour (TMH) or 
m ... c = TLC 
TMH 
and unit labor cost (ULC) equals total labor cost (TLC) divided by volume 
of food marketed (VFM) or 
ULC = TLC 
VFM 
HLC 
ULC = 
TLC • VFM 
TMH TLC = 
VFM 
TMH 
= output 
man-hour 
Thus LP1 t = VFMt is a measure for the productivity of the factor labor 
TMHt 
in ma rketing fa r m food products. 
x32 = LP2t = index for output per man hour in manufacturing meat products 
(1957-59 = 100). 
t 
x33 = clt = clt 
LPt 
Since t here are two set s of data for LPt, i . e., LPlt and LP2t' t wo sets 
' of c
1
t are generated . The same holds for the following va riables . 
X34 = C~t = C2t 
LPt 
X35 = c;t = C3t 
LPt 
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' C4t x36 = C4t = 
LPt 
I Cst 
X37 = Cst = 
LPt 
I c6t X3a = c6t = 
LPt 
t 
C7t X39 = c7t = 
LPt 
X40 = D1 
X41 = D2 
X42 = D3 
X43 = D4 
Dl - D4 are dummy variables defined as follows : 
Quarter Dl D2 03 D4 
1 1 1 0 0 
2 1 0 1 0 
3 1 0 0 1 
4 l 0 0 0 
First differences of inventories of pork, beef and lamb in quar ter t 
were derived from the following variables : 
p p inventories of pork in million pounds at the beginning (b) Ibt• 1et = 
and end (e) of quarter t 
B B inventories of beef in million pounds at the beginning (b) lbt' 1et = 
and end (e) of quarter t 
L L inventor ies of lamb in million pounds the beginning (b) 1bt' 1et = at 
and end (e) of quarter t 
X44 = 6Ii = 1P p et 1bt 
x45 =6 I~ = B 1et B 1bt 
L L L 
X45 =6lt = let 1bt 
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The relative change in inventories of pork, beef and lamb between be-
ginning and end of quarter t is defined as follows: 
~7 = t::.' Ip = t 
p 
Ie.t 
p 
lbt 
1P p 
e t + I2:t 
2 
x48 = 61 IB t = B let 
B 
Ibt 
1B + et I~t 
= 6
1 rt L L X49 = 1et 1bt 
L 1et 
L 
+ lbt 
2 
B. Sources of Data 
The sour ces of data are given in tabulated form listing the vari-
ables and the period covered by the corresponding sour ces . Variables de-
rived from listed variables are omitted . 
Variable Period Source 
Y1 - Y6 1954, I to 1967, II 
a 
1967 ' III to 1967, IV 40, p . 8 
Xl - X6 1954, I to 1960, IV 25, Tables 180 , 182, 184 
1961, I to 1967, IV 32' Tables 180,182 ,184 
X7 - X9 1954, I to 1962 ' IV 27, Tables 2 02A, 2 03A, 2 04A 
1963, I to 1967' IV 32' Tables 202A,203A,204A 
X19 - X21 1954, I to 1956, II 19' Table 9 
1956, III 2 O, Tabl ~ 7 
aLadd , George W. Department of Economics, Iowa State University, 
Ames, Iowa. Quarterly data on marketing margins for beef, pork, lamb and 
frying chickens , obtained from u. s. Depa rtment of Agriculture, Marketing 
Economics Division, Economics Research Service . Private communi cation . 1967 . 
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Variable Period Source 
X19 - Xi1 (continued) 1956, IV 21 , P · 34 
1957' I to IV 22' Tables 210 ' 212 , 213 
1958, I to 1961, IV 23,24 , 25 , 26, Tables 
210 , 212,213 
1962, I to IV 27 , Tabl es 210 ,212,213 
1963, I to 1967' IV 2 a, 2 9, ~rn, 31 , 32 , 
Taoles 210,212,213 
-'S
2 
is a linear combination of Ct and Nt of the form 
X = . 3C + .7Nt 
22 t 
For Ct yearly data were available for the period 1954 to 1962, 
quarterly data cover ed the period from 1963 , I to 1966, IV. Quarterly 
data for Ct from 1954, I to 1962 , IV were generated in the following way. 
1) Compute the multiple regression for 1963 , I to 1966 , IV 
where 
where 
Ct = container and packaging materials price index 1957 - 1959 = 100 
in quarter t, t=l , •.• ,m; where l = 1963, I 
2 = 1963 , II 
• . 
m = 196 6 , IV 
= container and packaging materials price i ndex 1957-1959 = 100 
in quarter t . For each quarter of year 1963 to 1966 the cor-
responding yearly average was used . 
= containers, nonreturnable, price index middle month of quarter t 
x3t = linear time trend= t = 1, ••• , m. 
2) For 1954, I to 1962, IV compute estimated values of C as follows: 
t 
t = l, ••• ,n; and 1 = 1954, I 
n = 1962, IV 
The b's are estimates of the ~ ·s above. 
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The sources of the data for the different variables are as follows . 
Variable Period Source 
Regression 1 
ct 1963, I to IV 35, P· 15 
1964, I to IV 36, P• 36 
1965, I to I V 37' P • 18 
1966, I to IV 39, P• 15 
1967' I to IV 41, P· 13 
xlt = ct 
x2t 1963, I to IV 57, Table D- 5 
1964, I to IV 58' Table D-5 
1965' I to IV 59, Table D-5 
1966' I to IV 60, Table D- 6 
Regression 2 
xlt 1954, I to 1962' IV 34, P• 14 
X2t 1954, I to III 
a 
1954, IV to 1955, IV 47' Table D-11 
1956, I to IV 49, Table D- 8 
1957 , I to IV so, Table D- 9 
1958, I to IV 51, Table D-10 
1959, I to rv 52' Table D-4 
1960, I to IV 53, Table D-5 
1961, I to IV SS, Table D-S 
1962' I to IV 56, Table D-S 
For Nt data were available. 
Variable Period Source 
Nt l 9S4, I to 1962' IV 44 , P• 158-9, Tab le 8 .1 
1963, I to 1967' IV like ct 
x23 is a linear combination of ct, Nt' and ' Hwt where data on Hwt 
were available as foll ows . 
aEstimated by means of extrapolation. 
39 
Variabl e Per iod Source 
Hwt 1954, I to 1966 , II 45, P• 394 
1966, III to IV 60, Table C-1 
1967 ' I to IV 61 , Table C- 1 
' In JS 6 and x28 , HR t and HRt appea r as new variables. For HRt data 
were available for the period January 1958 to December 1967 . The data 
for HRt covering the period 1954, I to 1957, I V were generated with the 
aid of da ta on nons upervisory worker average hourly earnings in food and 
liquor stores available for the period January 1954 to August 1961 i n the 
foll owing manner . 
1) Estimate the ~ ' s in the regression 
where 
= nonsupervisory worke r average hourly earnings in g rocery, meat 
and vegetable s tores , SIC 541-3, in month i, i =l, ••• ,m; 
where 1 = Janua r y 1958 
2 = February 1958 
m = Augus t 1961 
= nonsupervisory worker average hour ly ea rnings i n f ood and l iquor 
stores, month i, i = l, ••• ,rn 
~i = time trend = i = l, ••• ,rn. 
2) Using the equation 
,,.. 
compute ~j for each month j, j=l, ••• ,n ; wher e l=Janua r y 1954 
2=February 1954 
n=January 1958 . 
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The b' s are estimates of the ~ · s above. 
The sources of the data for the different variables are as foll ows: 
Variabl e Period Source 
Regression 1 
HRi Jan. 1958-August 1961 45, P· 660 
xli 1958 51, Table C-1 
1959 52' Table C-1 
1960 53 , Table C-1 
Jan . 1961 -August 1961 54, Table C- 1 
Regr ession 2 
xli 1954 46, Table C-1 
1955 48, Tabl e C-1 
1956 49, Table C- 1 
1957 so, Table C-1 
The data for HRt covering the period from 1958, Itol967, rv were 
available as indicated. 
Variable Period Source 
HRt 1958, I to 1966 , II 45, p. 660 
1966, III to rv 60, Table C-1 
1967, I to rv 61, Table C- 1 
X29 1954, I to 1962' IV 27, PP• 81 - 91 
1963' I to IV 28' PP • 57 ' 58 
1964, I to IV 29, PP • 57 ' . 58 
1965, I to IV 30, PP · 57' 58 
1966 , I to N 31 , pp . 56, 57 
1967' I to IV 32' PP · 56' 57 
X30 1954, I to 1962' rv 27, PP· 81-113 
1963 , I to rv 28, PP · 57' 58, 60 
1964, I to IV 29 ' PP · 57' 58 , 60 
1965, I to IV 30, PP• 57' 58 , 60 
1966, I to rv 31 , PP · 56, 57' 59 
1967 ' I to IV 32' PP · 56, 57' 59 
X31 - LPl t 1954, I to 1967, rv 38 , P· 17 
X32 -LP2t 1954, I to 1967' IV 41, P· 17 
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(continued) 
Variable Period Source 
X44 - X49 1954, I to 1956, II 19' P• 32 
1956 ' IV 2 o, P· 16 
1956, IV 21 , p . 34 
1957' I to IV 22 , Tables 210,212 ,21 3 
1958, I to 19'>1, IV 2 3 ' 2 4, 25 , 26 , 
Tables 210 , 212 , 213 
1962 ' I to IV 27, Tables 210 , 212,213 
1963, I to 1967' I V 28 , 20 , 30 , 31, 32 
Tabl es 210 , 212 , 213 
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VI . ANALYTICAL PROCEDURE AND EMPIRICAL RESU LTS 
The selection of the different independent variables to be included 
in t he different equations was orig inal ly based on the res ults obtained 
by w. A. Fuller (6) . It followed a systematic patter n so as to allow the 
tes ting of the hypotheses set out in Chapte r II a nd the comparison of the 
va riables cons t ructed above. 
The estima tion proce dures used were to a la rge extent ordinary least 
squares and to a l esser extent two-stage least s quares . Fina l ly the use-
f u lness of the estimation procedure proposed by A. Zellner (63) was in-
vestiga ted . 
A. Ordinary Least Squares 
1 . Farm-wholesale marg ins 
The work was carried out in four different s tages . 
a . Stage one Firs t, the change in wholesale price , the wholesale 
margin lagged one quarter, and the change in fa rm marketings were incl uded 
in every fa rm-whol esale margin equation. Second , the wholesale price , 
and diffe r e nt combinations of cost indexes and the index of labor pro-
ductivity were added in subsequent equations as shown in Tabl e 3 . 
For the wholesale margin equations of pork , beef a nd lamb , two 
sets of combinations of cost indexes and index of labor productivity can 
be distinguished : 
a) the combinations of nondeflated cost indexes and i ndex of labor 
produc tivity combina t ions, 1- 3 for pork and beef, and combinations 
1 ,2 fo r lamb; 
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Table 3 . Combinations of cost indexes and index of labor productivity 
used in the wholesale margin equations of pork, beef and lamb 
Wholesale Combina-
margin tion • t t ' t equation number clt c2t c3t c4t c6t LPt clt C2t c3t c4t c6t 
of: 
Pork 1 x x 
2 x x 
3 x x x 
4 x 
5 x 
6 x x 
Beef 1 x x 
2 x x 
3 x x x 
4 x 
5 x 
6 x x 
Lamb 1 x x 
2 x x x 
3 x 
4 x x 
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b) the combinations of cost indexes def lated by the ind ex of labor 
productivity , combinations 4-6, for pork and beef, and combinations 
3, 4 for lamb. 
Since there are two indexes for labor productivity, i.e . LPlt and 
I I 
LP2t, the data on LPt in (a) and on c 1t - C4t and c 6t in (b) are dupli-
cated . In stage one only LPlt is used. 
Inside the two sets (a) and (b) one can distinguish between weighted 
and nonweighted combinations of cost indexes . 
c2t' c3t and c4t are weighted combinations of the indexes for con-
tainer and packaging materials, new plant and equipment and average 
hourly earnings of production workers in the meat industry in quarter t. 
The we ighting sys t em of c 2t is r epresentative of the cost structure in the 
meat industry, whereas the weighting sys tems applied to c 3t a nd c 4t are 
representative of the cos t structures of the beef and pork industry re-
I t I 
spectively. The same holds for c 2t' c 3t and c4 t . 
The combinations 3 for pork and beef and 2 for lamb are unweighted 
combinations of c lt' the wholesale-retail factor price index in quarter t, 
and c6t, the average hourly earnings of production workers i n the meat 
industry in quarter t . Similarly, the combinations 6 for pork and beef, 
I 
and 4 for lamb are unweighted combinations of c1t and c6t. 
The above combinations are tested and compared in the wholesale 
margin equations for pork, beef and lamb. 
In the farm-wholesale margin equations for pork and beef, the change 
in farm marketings of beef and pork respectively was included. To test 
the influence of the two choice variables, the diffe rent farm-wholesale 
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margin equa tions fo r beef were set up twice, including Chl t and Ch2t 
respectively . 
(1) Results: Farm-wholesale margin equations for pork, Figure 1 
(Equations 1-9) The coefficients of the whol esale price and the change 
in wholesale price of por k were positive and negative r espectively . Although 
both coeEEicients were nonsignificant for future r efe r ence it is investi-
gated what signs the coefficients shou ld· have to be consistent with each other. 
The coefficients of the two variables P~t and 6,P~t are the partial 
p p p . ciMF. d~ 
derivatives of MW with respect to Pw and ~W i . e. ~ and~~- • As-
dP~ d C6PQ) 
suming finite changes this can be written as 6.~t .and 6~t where 
6P~t ~2~t 
The wholesale margin is defined as 
where k is a correction factor, it indicates the quantity of farm product 
equivalent to one pound of wholesale product. The superscript P is omitted. 
The change in the wholesale margin is defined as 6 l-\Jt = 6 Pwt - k 6PFt. 
A positive coefficient of Pwt means 
1 - k .0,PFt = > o. 
6.Pw t 
Since k >1 it foll ows that 6Pwt>6PFt' or k6PFt <6Pwt· 
A negative coefficient of 6.Pwt means 
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o. 
L\ PFt l 2 
<o l. f >< -k as 6PWt ><o. AP 
L\ Wt 
Therefore no general conclusion can be reached concerning the consistency 
of the signs of the coefE icients of Pwt and 6Pwt . In equation 6 the co-
p 
efficient of Pwt was positive . 
The lagged wholesale margin of pork exerted a positive, in some cases 
significant, influence on the margin indicating that the r e is a lag in 
adj us tment . 
The coe ffici e nt of the lagged wholesale margin of beef was negative . 
The change in farm marke tings of po rk had a positive effect upon 
the margin,as expected; however , the standard error s exceeded almost twice 
the coefficients . The same holds for the change in farm marketings of 
beef included in equation 9 . 
The inclus ion of the cost inde xes resulted in a relative improvement 
of the R2 • All cost indexes exerted a positive influence upon the margin . 
Onl y i n the case of the weighted averagesof cost indexes was thi s in-
fluence s i g nificant. 
The index of l a bor productivity had a s i gnificant negative effect 
on the margin . 
The cos t indexes deflated by the index of labo r productivity had a 
negative inf lue nce which was significant in three out of four cases . 
A discrimination between the two g r oups of cost indexes (a) and (b) 
and among the cost indexes within a g roup is not pos s ible with the res ults 
obtained . 
47 
The results on the cost indexes, the index of labor productivity and 
the deflated cost i ndexes can be stated as follows: 
1. i=l,2,3,4,6; 
2 . 
d~ 
3 . ac~ < o i=l,2,3, 4, 6 
l. 
The r esults unde r l and 2 a r e obvious . It iB questionable whether or 
not the result under 3 i s consistent with the res ults unde r 1 and 2 . 
For simplicity finite changes are assumed; the s uperscript P and the 
subscripts W, i and 1 are dropped . Restating 1, 2 and 3 one obtains : 
2: 6. Mt < 0 t:,,LPt 
3'. 
6 Mt 
,6Ct 
< 0 
Since Ct = f(Ct,LPt), 6Ct becomes, using the rule on total differ-
entiation, 
. a ' ac· 
6 Ct = o~ 6 Ct + 8LP.6, LPt. 
Whence 3 ' can be rewritten as 
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c1C' c Jc • ac 6 t + a LP Ll LPt = ac· ac· ac !\Ct + aLP 6 LPt 
= 
Noting that 
J c· ac 
ac• L:i Mt 
O and aLP < 0, the s i gn of
6
Ct 
t c rmine d as fol lows . 
Case 1 : 
b. Ct D, Mt 
> O, using 1 1 and noting that -- > 0 if 
b. Mt 6 Ct 
fJ. LPt < 0' U S ing 2 I • 
.6 Mt 
can be de-
> o. 
.6 Mt 
The r efore A C' > 0 and the r esult obtained in 3' is inconsistent • 
.!...\ t 
Case 2 : (the direc tion of the inequalities in l' and 2 ' i s r eve r sed) 
t he n < o. 
Case 3 : (the dire ction of the ineq ua lities in l.' or 2 • is r eversed ) 
I\ Ct < 0 u nd LP t <o I)[" 
i\ Mt Mt 
6Ct :::- 0 and LPt 
b, Mt - - > () Mt 
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6 Mt 
then the s i g n of -----re 
6 t 
ac • 6 Ct 
depends upon the absolute mag nitude of ac 
6 Mt 
and 
ac• .6 LPt 
aLP .6 Mt respectively . 
It i s noted that only case 1 is mean ingful. Howeve r, cases 2 and 3 
occur f r equently in the fo llowing equations. 
n1 (the Y-intercept) was positive and significant in most equations . 
In one case it was negative . n1 indicates the val ue of the ma r g i n when 
the independent variables are zero. This inte rpre tation i s meaningful 
only if in determining the l eas t s quares r eg r ess ion hyperplane, the inde -
pendent variables ass umed values close to ze ro. Since this holds only 
fo r first differe nces, the above interpretation of n1 is not admiss ibl e . 
n2 , represent ing the effect of the first quarter, was pos itive and 
negative, whereas o3 a nd n4 , representing the effect of the second and 
third quarter, were constantly negative a nd positive r es pectively . How-
ever , s easonal influences on the wholesale marg in for pork were not sig-
nificant . 
(2) Farm-wholesale ma rg in equations for be~; Figure 2 
(Equations 1-20) 
The effec t of t he whol esale price of beef was negative and 
nons i g nificant . The coeffici e nt of the cha nge in the wholesa l e price 
was pos i t i ve but never s i gnificant. 
The lagged wholes ale margin of pork exerted a n ins i gnificant negative 
effect upon the margin. The coefficient of the lagged whol esale margin 
for beef was in ever y eq uation positive and significa nt, indicating a lag 
so 
in adj us tment . 
Changes in fa rm marketings of pork had an insignificant negative 
influence , whereas the effect of changes in farm ma rketings of beef was 
pos itive, as expected. However, it was insignificant . 
The coefficients of the two choice variabl es were negative and only 
in two cases s ignificant at the 10 percent level . In W. A. Fuller ' s analysis 
(6) the coeffici ent was positive and highly significant . 
The inclusion of the cost indexes changed the R2 only slightly . In 
addi tion, the coefficients of t he cost indexes and the index of labor 
productivity had conflicting s igns . Negative coefficients of 
cost indexes deflated by labor productivity are not meaningf ul . They 
can , however, be explained by means of the relations hips put forth under 
the cases 2 and 3 a bove . As a whole it appears tha t the deflated cost 
indexes performed les s well than the combinations of cost indexes and index 
of productivity of labor . Furthe rmore the unweighted factor costs wer~ 
s upe rior to the w~ighted cost indexes , suggesting that the weighting 
system was inadequate . 
The intercept term was positive and significant in some cases . The 
influence of the f irst three quarters was consistent in sign, being nega-
tive for quarter one and two, and positive for quarter three . In only 
Lwo equations both the influe nce of quarte r one and three exceeded twice the 
standard err or · 
(3) Farm-whol esale margin eq uations fo r Lamb : Figure 3 , 
(equations L-6) The in[luc ncc of L PWt wa~ positive and Ill)!< -
signiLicant, wl:lereas the •~ I l eel ot L 6PWL was positive and 
pL 
s i g ni E ica nt s ugges ting that 6 Ft 
.6P~t 
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< 1 a s 
> k 
t} P '> O. 
Wt < 
The lagged margin had a s ignificant positive effect indicating a 
lag of adjus tment . 
The change in farm ma rketi ngs exerted ,as expected, a significant 
pos itive influence upon the margin . 
The addit ion of cost indexes r esulted only in minor i mprovemen t s oE 
the R2 . The nondeflated set of cost indexes gave slightly better results . 
c2 t pe rformed as well as Clt and c6t . However,the coef ficient of c2t 
was s ignificant . 
c1t and C~t s eem to be superi or to c2t indicating that the weighting 
sys tern was inadequate . 
The first quarter exerted a significant negative effect upon the 
margin. 
b. Stage two On the basis of the r es ults of these equations the 
2 one with the highe st R was taken, ins ignificant variables were dropped, 
and absolute and r e lative changes in inventories we r e added . Furthermore, 
in the fa rm-wholesa l e margin equations fo r pork a nd be ef, the wholesale 
ma rgins for bee[ and pork res pectively were included. 
(1) Results : Farm-whol esale margin equa tions (or pork , 
Figure 1 (Equations 10, 11) The margin for beef had a pos itive but 
nons ignificant influence upon the pork margin . The e ffect of absolute a nd 
relative changes of inventories was positive and negative r espe ctively . 
The effect of the a bsolute change of inventories on the margin s uggests 
52 
Lhat i nventories a r e sub ject to increas ing average total costs . The 
r e lative change i n inventories had a negative but nonsig ni f i cant e ffect 
upon the marg in . 
From equat ions 10 and 11 it can be seen that ~t a nd l~, ri explain 
as much of t he variation of ~t as C, P~t a nd h Q~ 
(2) rarm-who l esalc margin equations [or beef : Figure 2 
(Equations 21 , 22) The ma rgin [o r pork had a s ignificant posi tive ef -
feet upon ~t · The negative coefficient of 6 I~ s ugges t s that be e( in-
vcntories a r e s ub ject to decr easing average total cos t s . The coeff icie nt 
of D.
1 I~ was negative and signif icant. 
Compa ring equations 21 and 22 with equations 13 and 14 shows that 
~t and ,61~ o r b,' I~ explain s lightl y more of the variation of ~t 
B B than L\ PWt' .6 Qt and Chlt or Ch2 t . 
( 3) Farm-whol esale margin eq ua tions for lamb: Figure 3 
I 
(Equat ions 7-9) Equa tion 7 s hows tha t Clt i s only of minor importance 
i n e xplaining va riations in the margin . 
L 
The same holds for ~ It a nd 
L\'I~ which we r e added in equa t ions 8 and 9 . 
c . Stage three At this s tage LP2t the index of output pe r man 
hour in manufacturing meat pr oducts was introduce d . To test the new vari-
' ' ab l es LP2t and Clt - c6t' the variables other than cost indexes , which 
we r e s i g nificant in stages one and two, we r e take n in all equat ions, and 
the cost indexes , together with LP2 t , and the series of cost indexes de-
Elated by LP2t' we r e added in the same patte rn a s indicated in Table 3. 
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(1) Results : Farm-wholesale margin equations for po r k : 
Figure 4 (Equations 1- 6) As a whole the R2 1s dropped. The signs of 
the coefficients of ~t and ~t-l wer e consistent with the ones obtained 
previously . The same hol ds for the cost indexes exce pt fo r c
6
t . The co-
e[[ icient o[ LP2 t had conflicting s i gns . Among the deflate d cost indexes 
I 
only the cocff icient of c6t was consistent with the one computed pre-
viously . The influence of 
Equation 1 . 
6 rP on the margin was negative except in 
t 
(2) Farm-wholesale margin equations for beef : Figure 5 
(Equations 1-6) The introduction of LP2t did not change the R
21 s . 
p B 
The influence of MWt' M"Wt - l and .6.' IB remai ned as pr ev i ously . 
t 
Among the 
diff e r e nt cost indexes the signs of c2 t and c3 t changed f r om positive to 
negative . 
Again the unwe i ghte d factor cosLs were s upe rior to the we.ight 0d 
cost indexes. The influence of LP 2 t upon the margin was con tradictory . 
' Among the deflated cost indexes only c
2
t had a s ign opposite to the one 
previously obtained. 
(3) Farm-wholesale margin eq uations for lamb : Figure 6 
(Equations 1-4) The R
2 1
s r emained the s ame. ~t and ~t had a posi-
tive and s ignificant infl uence on the lamb margin . In one equation the 
coef E ici e nt of ~t was negative . The sig ns of the coefficients oE .6. P~t, 
L 
MWt - 1' 6' I~ r emained the same . AJ11ong the cost indexes only 
th e. ::;ig n o l the coefficient of Cut chan~cd Crom pof:itive to negative. 
The evidence cuncc.t·ni11g Lhl.! i nl lul'llCe or LP2t was co ntri:!d ictory . 
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Tlt e coel ric icnL of CL' I was the on l y 01 1c amo ng, the deJ lelLL'd c og l i11th:i-.cs 
Lo change t he sign [ r am positive to nega tive . 
d . Stage fo ur Up to this stage farm prices have been excluded 
f rom the wholesale margin equations following the theor y of derived de-
ma nd and the conclusions stated by w. R. Maki that "the critical price 
adjustments occur at the wholesale ma rke t level which is well organized 
and r esponsive to changes in price making factors. Retail as well as 
live prices adjust to changes in wholesale prices" (15, p. 1671). How-
ever, it was suggested1 to include fa rm prices and changes in fa rm prices 
in those farm-whol esale margin equations which seemed to explain best the 
va riation of the whol esale margins for the corresponding commodities. 
The results are pres ented in Figure 7 . 
(1) Result s The signs of the coefficients of PFt and i:\PFt 
we re negative . This implies a ssuming finite changes .6Mwt 
6 PFt 
< 0 and 
< o. B P L Only the coefficients of PFt, b, PFt and 6 PFt were significant. 
Again the consistency of these results can be examined by r ecalling the 
def inition of the farm-wholesale marg in . 
/\t-1wt = 6 P - k /\ prt Wt 
Thc 11 6 t-\Jt 0 
. /\Pwt --- < l_[ -- < k· l\PFt /\Pn 
1 Scott, Dr. J . T., Department of Economics , Iowa State University, 
Ames , Iowa . Suggestions explaining variation of whol esale margins for 
corresponding commodities. Private communication . 1969 . 
SS 
D~t Th e conditions fo r - - - < 0 are mor e involved . 
~2PFt 
< O i( <. K > 
as ;> 0 . <. 
As previ ously no gene ral conclusions can be r eached concerning the 
cons istency of the s igns of the coefficie nts of PFt and ~PFt ' 
2 . Whol esa le-retail ma r gins 
The se tting up of t he eq uations fo llowed a patte rn simila r to the 
fa rm-whol esale margin equati ons . 
a . Stage 1 Whol esa l e price, change in wholesal e p rice , lagged 
r e t ail margin were included in al l eq uat ions . Different combinations 
of cos t inde xes a nd index of labor productivity, and cost indexes de -
Ela t ed by the inde x of labo r productivity we r e added s ubseque ntly as 
s hown in Table 4 . 
Table 4. Combinations of cos t inde xes and index of labor pr oductivity 
used in the r e tail ma r gin eq uations of pork, beef and lamb 
Combination 
I ' ' I no . cit c 2t e s t c6t c7t LPt clt C2 t Cst cbt en 
1 x x 
2 x x 
J x .x. .x 
4 x x x 
5 x 
6 x 
7 x x 
8 x x 
5:: 
Again two sets of combinations can be distinguished: 
(a) the combinations of undeflated cost indexes and index of 
labor productivity, (Combinations 1-4) 
(b) the combinations of cost indexes deflated by the index of 
labor productivi ty, (Combinations S-8) 
Because of two time series for LPt, i. e ., LP
1
t and LP2t' the data on LPt 
' ' ' ' in (a) and on Clt' c2 t and CSt - c7t are duplica.ted. In stage one only 
LP 1 t is used. 
Inside the two sets (a) and (b), one can distinguish between weighted 
and unweighted combinations of cost indexes. 
c2t and CSt are weighted combi nations of the corresponding cost in-
dexes. c
2
t includes the index of average hourly earnings of production-
workers in the meat industry, whereas est includes the index of average 
hourly earnings of nonsupervisory workers i n grocery, meat and vegetable 
' stores. The same holds for c2 t and c5 t. 
The combinations 3 and 4 are unweighted combina t i ons of clt and l\,t; 
and HRt. r espectivel y. The s ame holds fo r the combinations 7 and 8 . 
The combinations l through 8 are t es ted and compared in the re-
tail margin equations for pork, beef and lamb. 
(1) Results: Wholesa le-retail margin equations for pork: 
Figure 8 , (Equations 1-1 3 ) The i nflue nce of PP was positive in eight 
Wt 
out of nine equations. It was signif icant in three equations. The 
coef ficient of t:.. P~t was 
p 
imply that ~MRt > 0 and 
t:..POt 
negative and 
p 
t:,.MRt 
e::. 2 p,P 
Wt 
< o. 
highly significant. These results 
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Agai n Lhe definition of the wholesale -retail ma rgin i s used to t es t 
the consistency of these res ults . 
M P - k' P Rt = Rt Wt 
whe r e k' is the correction factor which takes into account the loss in 
weight of meat from the whole sale to the r e tail level. Supe rscripts are 
dropped. 
f\ MRt 
b. Pwt 
Since k' > l it 
Similarly it can 
> 0 if 
,6.PRt 
> k' . 
D. PWt 
fa llows that .6 PRt> L::.PWt 
be shown tha t 
.6.PRt 
< 0 if ;-p--
,!_\ Wt 
< k' > 
No general conclusions can be r ea ched concerning the cons iste ncy of the 
s i gns of the coeffici ents of Pwt and l::.Pw t · However, fol lowing the arg ument 
L::,Mp 
given by Holdre n (9b), the condition obtained for ~ ~ O is implaus-
I pp 
·- Wt 
2'PQ t 
Therefore, o ne would ~xpect 
< O, which leads to the condi tion k ' • 
The e[ f ect o( P~t was pos itive but not signif ica nt. 
The lagged retail margin exerted a posit ive influence upon the margin 
s ugges ting a lag in adjustment of the retail margin. 
The coefficients of the cost indexes had conflicting signs . The in-
fluence of Clt' c2 t and c5t was positive, as expected, and significant. 
c6t and c7t exerted a negative, insignificant effect . 
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Similarly the effect of labor pr oductivity was contradictory . How -
ever, only the negative coefficient was significant . 
Deflation of the cost indexes changed the direction of the influence 
Whe r eas Clt had a significant positive and C6t 
f 
a nd c
7
t an insignificant negative effect upon the margin , c1t exerted a 
' f negative and c
6
t and C lt a significant positive influence upon the margin . 
2 ' Looking at the R s the fi r s t set of cost indexes combined with LP1 t 
seems to be s upe rior t o the deflated cost indexes . A discrimination be -
tween c
6
t and C?t is not possible . Afte r def l ation of the cost indexes , 
f ' however, c6t seems to be superior to c7t . 
The intercept term and the coefficients of the first and second 
quarter d ummi es had conflicting s igns . The influence of the third quarter 
was consistently positive and sig nificant in six out of nine eq uations . 
p 
In equation 10 and 11 PWt and LPlt were droppe d without substantial 
loss in the R2 • 
Omitting LP~t in eq uation 12 seems to e liminate the contradiction 
[ L h . f l [ Pp p . . 1 8 o e in ucnce o Wt on MRt in equa ti.on through • 
Eq ua tion l 3 s hows that the dropping of PEt r esulted in no loss in 
the R2 • 
( 2) Whol esale-re tail margin equations for beef: Figure 9 
(Equations 1-9) The coeff icie nt of P~t was pos itive and significant 
in all equations . Th . . "bl 1 "f B k' B l.S l.S poSSl. eon y 1. .6PRt > 6 Pwt • However, this 
condition i s inconsistent wi th the argument given by Holdren (9b) 
The influe nce of 6PQt was positive ~nd sig niCican t . b.P~t had a sig nifi-
cant negative effe ct which requirns /\P~t ~ k' /\ P8t as 6 2Pwt ~ O. 
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M=L-l had a signif ica nt positive influence upon the margin. 
Equation 5 shows that 90 percent of the variation of the mar gin can 
be explained by price variables a nd lagged margin . The cost indexes ex-
plain only a sl i ght amount of the variation of the margin. 
The undeflated cost indexes seemed to perform better than the de -
(lated ones . Again, a discrimination among differen t cost indexes within 
, 
a group is not possible . However, it seems that the combination c1t and 
I I 
C6L is supe rior to the combination Clt and Clt " All the seasonal dummy 
variables had a negative and often significant influence upon the margin . 
(3) Whol esale-retail margin equations for lamb : FigurelO 
(Equations 1-12) The coefficient of P~t had conflicting signs. How-
ever, only positive coefficients were significant . Again this result is in-
consistent with the argument given by Holdren (9b) • L .6Pwt had a s i gnifica nt 
negative effect upon M~t· The influence of ~t- l was pos it ive and 
sig nificant indicating a lag of adjustment of the margi n . 
The Cirst set of cost indexes seemed to perform better than the de-
flated set . 
I 
In addition c7 t was su perior to c6t . When deflated c6t per-
formed as we ll as c7t" 
The seasonal influencewas positive , and nega tive in two equations 
for quarter 2 . Only in one equation was the influence of quarter 3 sig-
niCica nt . 
Equations 9 through 12 s uggest that PL and LP a re of minor im-
Wt lt 
portance in explaining the movement of the margin. 
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b . Stage 2 Using LP2t the index for output per man hour in manu-
facturing meat products, a new set of equations wa s run taking a s inde-
pendent variables , wholesale price, change in wholesale price, and lagged 
retail lllc:lrgin . The wholesale price of lamb was dropped because t he signs 
of the coefficients obtained in stage l were contradictory . Again in t he 
wholesale-retail margin equation of pork , the retail ma r g in of beef , and 
in the wholesale-retail ma r gin equation of beef , the retail marg in of 
pork was included . In the wholesale-retai l ma r gin equations of lamb, the 
wholesale-retail marg ins of both beef and pork were introduce d . Finally, 
comb i nations of cost inde xes and index of labor productivity, LP2t ' and 
cost indexes deflated by the index of productivity of labor were added 
in the s ame pattern as shown in Table 4 . 
(1 ) Results : Wholesale- r etail m9 r g i n equations for pork : 
Figure 11 (Equat i ons 1- 8) The r etail margin of beef exerted a positive 
and in some cases significant influence upon the r e t a 1l margin of pork . 
P~t' L:iP~t and {t- l performed as in the previous set . 
Again the first set of cost i ndexes appeared t o g ive bette r r esults 
than the deflated set, a lthough the coefficient of LP2t had cont r adictory 
s ig ns . Discrimination between C6t and Cl t i s not pos s ible . 
I 
However, c7t 
seems to be superior to c~t · 
(2) Wholes~ le - reta il margin eq uations fo r beef : Pigure 12 
Q:;quations 1-8) The marg in for pork had a positive , a nd i n some 
eq uations significant, influence upon the beef margin . 
PSt, 6~t and ~t- l performed as i n the previous set . 
to I 
The undeflated set of cost indexes combined with LP2t was slightly 
s uperior to the defl ated set . Clear discrimination among the cost indexes 
' f within a g roup is not possible except for c6t and c7t . The coefficient of 
t t 
c6t is positive and significant whereas the coefficient of c7t is clearly 
insignificant . 
(3) Whol esale-retail ma rgin equations for lamb : Figure 13 
(Equations 1-8) The effect of M~twas positive and significant in five 
out of eight equations, whe r eas the infl uence of ~t had conflicting signs 
and was never significant . 
~P~t and ~t- l perfonned as in the previous s et . 
The cost indexes combined with LP2t performed better than the deflated 
cost indexes. With the given results discrimination among the cost indexes 
within a set does not seem to be possible . 
B. Two-Stage Least Squares 
After completion of the ordinary least squares regressions, it was 
suspected that t he results were impaired by an inappropriate estimation 
procedure . Ther efore the fa rm-wholesale and whol esale-retail margin equations 
for pork, beef and l amb which gave the highest R2 under ordina ry least 
sq uares were regressed once more using the two-stage least squares esti-
mation procedure . 
1. Results 
a . Farm-wholesale ma r gin equations Figure 14 gives the r esults 
of selected who lesale mar gin equations for pork , bee[ and lamb r eg r essed 
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with both ordinary least squares and t wo- s tage least squa r es . The two-
s t age l eas t squares estimat ion procedure resulted in slight alterations 
of some coefficients. In particular the coefficients of ~t and ~t 
were changed . 
b . Wholesale-retail mar gin equations The results of ordinary 
least squares and two-stage least squar es applied to three selected re-
ta il margin equations are given in Figure 15. The two- stage least squar es 
estimation procedure affected only the coefficients of the dependent 
. 1 p d B variab es MRt an MRt • 
~t remained unchanged. 
changed its sign . 
The evidence of the influence of M~t on 
The coefficient of ~t in the equation 
B 
MRt and 
of ~t 
C. Zellner ' s Method of Estimating Seemingly Unrelated Reg ressions 
There were reasons to assume that the farm-wholesale and wholesale-retail 
margin equations form a sys tem of equations. An estimation procedure for 
s uch a system was mentioned in Chapter IV . In order to determine the 
3tr ength of the relationship among the different margin equations the 
correlation matrix for the errors in six equations was computed. Since 
the correlation among the e rrors ~.-very l~, Table 5 , the estimation 
procedure was not applied . 
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Table 5 . Correlation matrix of the residuals of six margin equations 
(one ~quation per margin) 
Residual~: equation for ~t ~t p ~t L MRt MRt 
(1) (2) (3) (4) (5) (6) 
(l) 1.000 
(2) - 0 . 1676 1 . 0000 
(3) 0. 0188 -0 . 0766 1 . 0000 
(4) 0 . 1486 o. 0273 0 . 1246 1 . 0000 
(5) 0 . 0637 0.0590 -0 . 1644 0.1755 1 .0000 
( 6) 0.1027 - 0 . 2095 - 0. 0973 -0.0461 0 . 0971 1 . 0000 
Fi gure 1 . Statistics from regression es timates of farm-whol esale 
margin equations for pork (taking LP1t) 
(In this and all later figures three 1ines of numbers 
correspond to every equation. The top line i ndicates the 
coefficients of the different variables in the correspond-
ing equation, f ollowed by the standard deviations under-
neath . The third line shows the t-values.) 
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Independent 
B p p p B 6Q~ B ~ ~'1t PWt t,PWt ~t-1 ~'1t - l r Q clt c2t c4t c LPlt clt c2 t c c6t t 6t 4t Equation 
1 -. 006 . 492 . 0004 
. 036 . ll5 .00u6 
- . 01 8 4 . 303'"'"''' .6176 
2 .007 -.012 . 505 .0003 
.017 . 03 9 . ll 7 .0006 
.44 1 - .327 4.2877dck . 4700 
3 - .024 'll9 . 0002 . 111 - 9.699 
. 030 .141 .0005 . 02 9 2 . 87 8 
-. 750 . 846 .5021 3. 746 7d,·k -3.3697nh' 
4 - . 022 . 130 .0002 .1 06 - 10.3ll 
. 031 . 141 .0005 . 029 3.122 
- . 6 92 .919 .462 8 3 . 64 O;hh'c -3.302 ;'dd' 
5 - . 02 7 . 121 . 0003 .063 2.442 - 8 . 201 
.034 .140 . 0005 . 051 2.314 3. 919 
- . 815 .861 . 5628 1. 22 8 1. 055 -2.093 '"'"'" 
6 .003 . 53 5 - .126 .0004 
. 038 . 121 .121 .0006 
. 086 4. 421 ;'c;',;'c - 1. 042 . 62 83 
7 - .021 . 14 5 . 0002 .120 
I 
.032 . lliO .0005 .032 
- . 657 1. 03 7 .442 7 3 . 713 ;''*''' 
8 -. 025 . 084 .0002 
I ,, .1 20 
.036 .143 .0005 . o::c 9 
- .800 . 583 .f.1627 4 . 03 7 ;''7"" 
9 - .033 . 074 .0001 . 021 4. 834 
. 027 . 148 .0007 .015 1. 2 31 
- 1. 221 .500 . 2 5 82 1. 353 3. 92 6 '"''"'' 
10 .142 . 091 . 114 
.099 . 142 . 02 9 
1 . 434 .646 3 . 84 8 "ic;'c ;'c 
ll .133 . 098 . l lL+ 
. 102 . lL+O .02 9 
1. 301 . 700 3 . 854 ·~ ;,,., 
6 . 689 - . 043 
1. 620 .508 
4. 12 9;'dn': - . 085 
6. 2 91 -.088 
1. 866 . 522 
3. 3 70>'<-id: -.170 
10.334 .193 
1. 87 n . 45 5 
5. 6 76**"k .425 
11. 2 93 . 173 
2.014 . 457 
5. 605'""'"''' .379 
8.455 . 215 
3 . 62 8 . 45 9 
2.330-« >h': . 468 
7.555 -.152 
l. 819 .518 
4 . 153·,-n·,;, - . 2 95 
- . 3 84 . 166 
2 . 3 89 .456 
- . 161 .365 
. 24 7 . 208 
2. 132 . !+4 8 
. 116 . 466 
. 110 . 03 9 
2.406 .259 
.045 . 15 J 
- . J 98 -. 036 
2 . 200 . 2% 
- . 180 -.1 56 
- . 3 ·3 8 - . 060 
2 . 205 . 2 52 
- . 15 ·3 - . 23 8 
-. 278 
. 541 
- . 513 
- . 332 
.559 
- . 594 
- . 04 7 
. 483 
- .098 
-.054 
. 486 
- . 111 
-.050 
• !; 86 
-.104 
-.440 
.562 
- . 7 82 
- . 076 
. 485 
- . 15 7 
- . 022 
. 4 76 
- . 0!+ 7 
- . 240 
. 2 87 
- . 83 8 
- . 308 
. 2 96 
-1. 040 
- . J 95 
.391 
-1. 00 9 
.259 
.464 
. 558 
.209 
.481 
.435 
.347 
. 412 
. 840 
.343 
.415 
. 82 6 
. 3!+4 
.414 
. 831 
.122 
. 482 
.253 
.321 
.413 
. 776 
.352 
.406 
. 869 
.171 
.316 
.543 
-.019 .0001 
.343 .0012 
- .057 . 1200 
- . 165 
.GOO 
-. 275 
' p 
6 I 
t 
- . 116 
. 564 
-.20 7 
.3 66 
.369 
.522 
.5 15 
.52 7 
. 380 
.5 08 
.52 / 
. 52 5 
.527 
. 52 8 
Figure 2 . Statistics from regression estimates of fa rm- wholesale 
margin equations for beef (taking LPlt) 
Independent p PB 6 PB 
p !l LQP 6QB ~ ~t ~t-1 MWt -1 clt c2t Wt Wt t t q 
1 .077 .659 .0009 
. 052 .122 .0010 
1.4 71 5.374°""'* . 9556 
2 . 077 . 655 . 000 9 
. 053 .122 .0010 
1.461 5 . 3 52 ;'dn'c . 9207 
3 -. 010 . 082 .656 . 0010 
.036 . 056 .124 . 0010 
- .284 1.4 71 5. 282 ;'c;'d . 9621 
4 -. 006 . 080 .6 54 . 0009 
.035 . 056 .124 .0010 
-.175 l. '•32 5. 255 ;hh'c . 9166 
5 .076 -.018 .660 .. 0009 
. 054 .157 . 124 .0010 
1.409 - . 119 5 . 1 96 "'""" . 94 75 
6 . 076 - .018 .65 7 .0009 
. 054 .158 .124 . 0010 
1.400 - .114 5 . 2 74 "'"'"' . 912 8 
7 .0 79 . 63 9 -. 0003 .0010 
. 053 . 12 9 .0007 . 0010 
1. 483 4. 92 9"'"'"' - . 50ll l. 032 6 
8 .079 .636 -.0003 .0010 
.053 .129 .0007 .0010 
1.473 4. 906""'"" - . 4 92 3 . 9965 
9 .075 . 625 .0008 .014 
. 052 .12 5 .0010 . 031 
1.430 4 . 989"""* . 81+62 .444 
10 .074 .614 .0008 .018 
. 052 .125 .0010 .032 
1.423 4 . 891 "'"'"' . 8118 .570 
11 .075 .624 .0008 
.052 . 12 5 .0010 
1. 426 4 . 974 ""'"" . 8372 
12 . 074 . 613 .0008 
. 052 .125 .0010 
1.419 4 . 878""""' . 803 7 
13 .076 .542 .0004 - . 2 78 
. 049 .124 .0009 .123 
l. 530 4 '368'""'"' .469 9 - 2 .2 59°"'" 
14 .U74 . 52 8 .0004 -. 270 
. 049 . 12 5 . 0009 .122 
1. 514 4.225""'"' .4136 -2.217""'' 
15 . 07 8 .660 .0009 
.053 . 126 .0010 
1.454 5.231*""" • 9425 
16 . 077 .658 .0009 
.053 . 126 .0010 
1.44 7 5.~11""''* . 9141 
17 . 076 .652 . 0009 
.053 . 127 .0010 
1.4 ll ).137"'""" . 8864 
18 . 076 .650 .0009 
.053 . 127 .0010 
1.42 5 J . l [5o'ddc . 8591 
19 . 076 . ') 12 . 0007 
. 052 . 124 .0010 
1.463 , , . JOl ,."°'"' . 7674 
?O •re 
, V.J L . iL:i .0010 
1. 462 ' . 7 86 """"' . 7190 
21 . 451 . 5 84 -.087 
. 146 . 111 .050 
3.075°"""" 5 . 261 '"°""' - 1.716"' 
22 .433 . 5 88 - . 091 
. 142 . l 07 . 049 
3. 045 '"""'' ) . ') 00 ;'d;'c -1. 845"' 
c3t c6t Chlt Ch2t LP lt clt c2t CJ t c6t Dl 02 
-. 006 J . 840 - . 384 
.014 l. 611 . 307 
-. 434 2. 382 ,,,., -1. 24 8 
-.002 3 . 596 - . 350 
.012 1 . 494 . 296 
-. 230 2 .4 05''"°' - 1. 183 
- .008 4 . 436 - . 41 ') 
. 016 2 . 652 . 324 
-. 503 1. 6 72 - 1 . 264 
-. 003 3. 925 -. 362 
.013 2.405 . 307 
- .267 1. 631 -1.1 79 
-.006 4 . 077 - .3 7 8 
. 015 2. 577 . 315 
- . 42 9 1 . 582 - 1.196 
-. 002 3. 825 -. 344 
. 012 2.498 . 3 04 
-.227 1. 530 - 1.130 
-. 006 4 . 284 - . 672 
. 014 l. 852 . 653 
- .4Lc5 2. 312'"''' -1. 02 .., 
- .003 4 . 028 - . 633 
.012 l. 745 . 64 7 
- . 240 2. 307""'' -.978 
- . 022 . 5 73 3. 110 - . 514 
.017 3 .056 1 . 692 . 324 
-1. 262 .187 1.837;', -1. 5 86 
- . 022 . 535 2 . 643 - . 489 
. 016 3 . 041 1. 597 . 311 
-1. 33 8 .176 1. 654 -1. 572 
.012 - . 022 . 789 3 . 048 -. 516 
.. 033 .017 2 . 963 1 . 772 . 325 
. 382 - 1.255 .26 6 1.719"' - 1. 5 88 
. 016 - . 022 .760 2.552 - . 490 
.033 . 01 6 2. 948 1 . 680 .312 
.508 - 1.326 .257 1. 518 -1. 572 
9. 1J9 -. 033 - 8. 3 93 23 . 182 - . 728 
3.031 . 017 4. 910 8.878 .321 
2 . 329;'dc - 1. 928* - 1. 709;, 2. 611 *'' -2. 268H 
9.158 -. 032 - 8. 2 97 22 . 024 - .674 
3 . 926 .016 4.900 8.681 . 306 
2. 332 ,·,;, - 1. 942 ,., - 1. 693"' 2 . 536 ""'' . - 2 . 199'''* 
- .006 .002 3.567 - . 3 7 8 
. 015 . 003 4 . 208 . 323 
- .414 .070 . 84 7 - 1 . 169 
- . 002 .003 3. 189 - .342 
. 012 .035 4 . 095 .309 
-. 216 .106 . 778 - 1.105 
-.00 7 -. 008 4.798 - . 408 
.015 .034 4 . 2 84 . 327 
- . 473 - . 241 1. 119 - 1 . 248 
- . 003 -. 006 4.327 -. 367 
. OU . 034 4 . 170 . 313 
-. 263 - . 18 7 1 . 037 - 1.173 
- .023 -. 034 1. 6 71 5 . 146 -. 540 
. 017 . 0 21 1 . 409 4. 177 .3 24 
- 1.355 -1. 63 2 l . 185 1. 231 - 1.663 
- . ,_, ' ::'. . 021 4. 85G -. 516 
. 016 22 1 . 466 4.046 .310 
-1. 46 1 - 1. 756 ''' 1. 3 7 8 1. 200 - 1. 662 
l.13b 2 . 255 1 . 789 -. 509 
2 . 2 87 3 . 925 3. 764 . 381 
.1+'!0 . 574 . 4 75 -1.333 
l . 5L, c 1 . 502 2 .402 - . 60L, 
2 . 242 3. 826 3. 702 . J!d 
. 690 . 392 . 6li 8 -1 . 758;""'' 
~ IB I IB ? DJ D4 6 R-I t t 
-.122 .480 
. 365 . 3 72 
-. 336 1. 2 91 .519 
- .079 .496 
.346 . J 70 
-.230 1. 33 8 . 517 
-.150 .471 
.381 . 377 
- . 3 94 1. 248 .520 
- .090 .493 
.355 .375 
- . 254 1 . 313 .517 
·-. 120 .476 
.369 .378 
-. 326 1. 261 . 519 
- . 077 . 4 92 
.351 .376 
- . 221 1. 308 .517 
- .4 74 .108 
. 793 . 707 
-.598 .254 .522 
- .424 . 201 
. 7 83 .706 
-.542 .284 . 520 
-. 236 .482 
.375 . 371 
-. 630 1. 2 99 .55 1 
-.151 . 538 
. 350 .368 
-.431 1.460 .553 
-.240 .4 78 
. 3 75 . 37l 
-.640 1. 288 .551 
-. 155 .533 
.35 0 .3 68 
·- . 442 1.448 .553 
-.160 . 707 
.357 .365 
. - .44 7 1. 934 .,., . 607 
-.024 . 7 86 
.337 .367 
- . 072 2.14l>'ck .607 
- .116 .483 
. 379 . 380 
-.307 1.273 .519 
- . 071 .500 
.357 .377 
- . 200 1. 3_25 . 517 
- .145 .469 
. 380 .379 
- . 3 81 ! . 23 7 .519 
_·. 093 .489 
. 358 . 3 77 
-.261 1. 2 97 . . 517 
- .222 .514 
. 3 72 .368 
-.597 1.394 .560 
-.127 .579 
.346 .366 
-.369 1. 5 79 . 564 
. 145 . 7 89 - .004 
. 3 95 .317 .OOJ 
.366 2.486-h'c -1.302 .626 
.023 . 74 7 - 1.034 
. 3 71 . 2 91 . .536 
.063 2. 56L+ ;'de -1. 927;', . 641 
Figure 3 . Statistics from regres s ion estimates of farm-wholesa le 
mar gin equations for lamb (taking LP1t) 
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Independent 
PL ~ PL L QL ~ L I r 2 Iv\>Jt- 1 /, t c c? c6r LP l t c l t- c2t c D " I , Wt ·' Wt lt D2 03 04 LI I t R Equa tion . _ [: 6t 1 "- t 
1 . 333 . 653 . 02 5 4.787 -1. 505 - . 215 - . 3 85 
. 052 . 094 . Oll 1.195 . 332 . 3 82 .2 96 
6 . 322-Jnh'' 6. 9/f 8*'°"" 2 . l 95>h 'c 4. 003''"'d' - .', . 'j 3 3 -,';;'{)', - .563 - 1. 2 98 . 700 
2 · . 03 7 . 2 97 . 579 . 02Lf 3 . 979 -1 . 416 - . 22 8 - . 3 95 
. 027 . 058 .1 07 . 017 l. 3 21 . '3 5 5 . 3 7 8 . 2 94 
. 3 80 5. 105>Hd< 5 . 3 95'"'""' 2 . 05 1• ,, 3 . Ol l 0'dd' - !1 . 2 2 4 '"'"'' -.602 - 1 . 346 . 711 
3 .305 .426 . 025 .068 -4. 086 4. 7 88 -1. 407 -.1 51 - . 117 
. 048 .108 .010 . 027 2. 742 1 .145 . 304 . 348 '.280 
6 . 28l>'n'd' 3 . 925°"'""' 2 . 37l>h'c 2, 4 79-1. ,., -1. 4 90 4 . l 80o'd'* - 4. 619'"""°' - . 43 5 - . 418 . 763 
4 .30 7 .42 6 .205 .00 11 2. 799 -4 . 7 90 5. 672 - 1 . 410 -. 142 - . 104 
• Ol:. ' . 110 . 010 .057 2 . 568 4. 12 8 3.755 .308 . 3 57 . 2 92 
6.196X .·' 3 . 87 1 ;'cldc ') . 3 5 81n'<- .106 1.089 -1. 160 1 . 510 - !+. 5 74 ;'ddc - . 400 -.3 56 .763 
5 . 331 . 5 LJl . 024 .066 -.918 - 1. 3 93 - . 132 -. 232 
.0 50 .095 . Oll . 030 2 . 870 . 32!'.1 .370 . 2 94 
6 . 5 12 -;,-;;,•, 6.224°Hd· 2 . 186 "d' 2. 170 -'·'·' -. 319 - 4. 2 99°'dn'c -. 358 -. 788 . 727 
6 . 312 . 43Li .026 - . 023 3.998 1 .131 - 1,. 4 04 - . 121 - . 080 
.04 8 . IO .01 0 .0 18 1. 185 2 . 83 7 .306 . 350 . 2 84 
6 . 4 2 6 ;'dd 4 . 006 lnh'' 2 . 4 1Yn'<- -1. 241 3 . 3 71 '"'"'' 
. 3 98 - 4 . 580"""* - . 346 - . 2 84 .760 
7 . 319 .485 . 02 5 3. 76 1 - 1.166 -1.373 -. 107 - .106 
• 0!+ 8 .101 .010 1. 1 76 2 . 162 .307 . 352 . 2 85 
6 . 5 86 -:, -:-;, 4. 803 '"'"'" 2 .3 35''"' 3. l 95 1ch'' - . 53 9 - !+ . 46 6 ;'dn'' - . 304 -.372 . 753 
8 . 354 . 466 .026 3. 794 - . 931 - l.1'162 - . 3 95 . - . 03 8 . 051 
.053 . 100 . 010 1. 164 7.. 146 .310 . 4,03 . 286 . 036 
6 . 57l"d"'' 4 . 6 18 _,.,,._,., 2 .468'""' 3.257 '"'"''' I - . 433 - 4 . 7071, ;'c ·k - . 97 9 - .135 l. 419 . 763 
9 .342 .4 71 . 025 3 . 752 - . 934 - 1 . 402 - . 309 - . 03 7 .556 
.052 .1 01 . 010 1. 1 72 2 . 163 . 307 . 3 91 . 2 90 . 4 7 8 
6 • 559ohh'c 4 • 64 l ;'ddc 2.337°"°'' 3 . 199""'"'' -.431 - 4 . 56 3 ,'dn'c - . 7 90 - . 12 9 1 . 163 .759 
-·~- ---~---
Figure 4. Statistics from regression estimates of farm-wholesale 
margin equations for pork (taking LP2t) 
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Independent 
lVB p ' 
I I 
ii 
' p 2 
~ ~t-1 clt c2t c1 c6t LP2t clt c2 c c6t fl D2 J3 D4 . T R r\n '+ t t 4t ,, 1 Li ,. t Equation 
1 .2 53 . 2 91 .164 - 5 . 241 .032 -1.174 -.209 - . 5 72 -.133 .2 66 
. 132 . 140 .062 ) . 2 3 5 .033 3.363 . 271 . 426 . 648 .624 
1.908-" 2.08lh'c 2. 6JQoH'o'' -1. 62 0 . 971 - . 34 9 I - . 770 - 1. 34 3 - . 7 (l{J .427 .489 
I 
2 . 096 . 2 94 .059 - . 030 5.806 - . 208 - . 523 - . 141 - .066 
.120 . l!f 9 .036 . 022 1. 743 .2 85 . !+4 8 .680 .63 
. 796 1.978°'' 1. 623 -1.372 3.JJl o'c-oH< iJ - . 731 -1. 16 6 -.207 - . 104 .425 
3 . 091 .314 . 052 - . 02 9 6 . 210 :1 - . 224 - . 53 9 -.157 -.090 
.122 .1 50 . OJ 7 . 02L+ l. 761 . 2 87 . 452 . 685 . 640 
. 746 2 . 093 ,.,,., l. 403 -1. 185 . ~ ' 3 5 ? 6 o'co'c '" :1 - . 778 -1. BJ - . 22 9 - . 140 . . 417 
4 .11 ( . 405 - . 020 2. 021 !.+. 71-rO · I - .266 - . 5 86 - . 194 - . 117 
.1 31 .147 .026 2 . 798 3.019 . 2 94 . .'.+60 .698 . 662 
. 881 2 . 744 o'ddc - . 772 . 722 1.569 - . 901+ -l.2o3 - . 278 - . 177 . 389 
5 .1 54 . !+ 72 - .002 5. 972 - .3 12 - . 62 8 - . 194 -.043 
. 121 .117 . 016 2.535 I . 2 87 . 455 . 6 95 . 652 
1. 272 4. 021 o'nb'c - .134 2.355"'°" . -1 . 084 -1.379 - .279 - .066 . 3 82 
'I 
.I 
6 .156 .4 72 -. 001 5. 865 ii -.308 -. 622 - . 187 - . 03 7 " 
.120 . us .019 2 . 626 J .288 .456 . 6 95 ' .650 
1.301 3. 995'"'""' - . 071 2. 23 3*''' • -1. 06) - 1.362 - . 26 9 -.0 56 . 3 82 
I 
I 
Figure 5. Sta t istics f rom regres sion estimates of f arm-wholesal e 
marg in equations fo r beef (taking LP2t ) 
Independent 
--..JL§,_r ia b 1 e 
Eq ua tTOn----
1 
2 
3 
4 
5 
6 
p 
~t 
.370 
.12 1 
73 
3. 05 8•hb'< 
. 2 87 
.136 
2. 107?b< 
. 2 98 
.13 
2.187 °h< 
.230 
.125 
1. 840°< 
.302 
.111 
2. 721-fdn" 
. 2 99 
. l lJ 
2. 696*-1'* 
B 
MWt-1 
.496 
.103 
4 , 7 7 8°'c*o'c 
. 612 
.113 
5. 404•hh'< 
.616 
.112 
5. 461-fn<-fc 
.559 
.114 
4 • 88Qobh'< 
. 613 
.106 
5. 784-1nb'c 
. 610 
.106 
5.7 37*0' * 
clt c2t 
-. 201 
.052 
- 3 • 84 Qoh'o'c 
-.0008 
. 0319 
- . 027 5 
c3t 
-.006 
.031 
- . 203 
c6t 
9.253 
2 .5 65 
3. 6Q7 -1dc* 
LP2t 
- . 076 
.026 
-2. 861 ;hb< 
.003 
.019 
.163 
.006 
.018 
.342 
clt 
- . 02 8 
.021 
-1.350 
c2 t 
- .012 
.01 5 
.. . 7 97 
c3t 
- . 012 
.014 
- . 85 9 
c6t 
2.235 
2 . 257 
. 990 
7.807 - . 5 75 .138 . 911 -1. 277 
2 .677 . 315 .340 .2 66 . 50 1 
2. 9161nh'r -1. 822 ,., .406 3 .422 h'd' -2.545'"°'' . 6 94 
- . 727 - . 54 9 -.014 . 73 7 - . 963 
1. g36 .359 . 385 . 2 99 .564 
- . 117 -1.526 - . 036 2. !+61 ~0" -1 . 706 °'' . 594 
- .1 89 -.5 'il - . 011 . 735 - . 956 
1. 944 .359 . 385 . 2 99 .563 
-. 097 -1. 53 1 - . 02 9 2.457°'r-k -1. 696°'< . 5 95 
- . 591 - . 5 97 - . 068 . 72_8 -1.111 
2.889 .354 . 03 7 . 2 93 .565 
-.204 -1. 688''' -.181 2 . 4 78h'' -1. 965 ·J, .609 
. 966 -.562 - . 02 1-+ . 723 - . 954 
2.567 .354 .378 . 2 95 .552 
. 3 76 -1. 5 84 -.065 2.447°'d' -1. 726°'' .597 
1.023 - .567 -.030 . 720 - . 961 
2.52 5 . 35L1 . 3 77 .29S .552 
. 405 -1.598 - . 081 2 . 441 °'"'' -1. 739~- . 598 
Figure 6. Statistics from r egression estimates of farm-wholesale 
margin equations for lamb (taking LP2t) 
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Independent p B I' PL L ' QL 
I I I 
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Figure 7. Statistics from regression estimates of selected farm-
wholesale margin equations including farm prices and 
changes in farm prices of pork, beef and lamb 
(taking LP2t) 
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Figure 8. Stati stics f rom regr ession es t i mates of wholesale- retail 
margin equations f or pork (taking LP1t) 
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Fi gure 9. Statis tics f rom regressi on estimates of wholesa le- r e tail 
marg in equations for beef (taking LP1t) 
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3 . 7 0 8 ;'c;'n';· -10. 4 96 ;'o'd 
3 . 111 - . 552 
. 04 7 . 051 
2 . 33 8·b'e - 1 0 . 7 12 >'c·:n'c 
' 
4 .104 -. 545 
. OL+6 .0 50 
2 . 2 6 CJ ieo'< - 1 0 • } 4 1 ·k;b'e 
5 . 188 .080 -. 600 
. 049 . 04 7 .070 
3 • 80 5 ;hb'e 1. 712''' -8.537;'n'n'< 
6 .191 -. 569 
. 062 .070 
3 • 04 0 ;'ch'e -8.11 5ohb'e 
7 . 151 - . 560 
. 055 .068 
2.706oHn'< -8 .174;'nb'c 
8 .11 6 -.516 
.057 .061 
2. 045'"'" - 8 . 3 99>'dde 
9 . 192 -.566 
.055 .065 
3. 566 ideic - 8. 700;bh'c 
"B 
clt i''J Rt-1 
.412 
. 077 
5. '322 ·:.;::;', 
.466 
. 071 
6 . 4 7 8o'd, ;'c 
. 417 . lM) 
.0 75 . 065 
5. 52 8·f:ohc 2 . l33·in'c 
. 405 .108 
. 07'3 . 041 
5. 530o'dn'c 2 . 614 ;'de 
. 840 
• OL+ l 
2 0. 024 ;h'd-
. 848 
.044 
1 9 . 1 7 4 ""'''" 
. 830 
. 044 
1 8 . 5 6 6 ;'<;'de 
' 502 
.089 
5 . 607o'dc>'e 
. 707 
'064 
10. 895;hb'e 
c r r6t ~ St 2 t 
.078 
. 042 
l.8L+ 3 ''' 
. 036 
.035 
1. 00 7 
- 1. 998 
'3.010 
-. 663 
c7 t: 
- .569 
1. 641 
-.3 46 
- p L, lt 
5 . !1 .1 0 
3 . Ll2 
1 . 44 0 
J . Q50 
h .083 
1.946 * 
10.805 
!+ . 963 
2. 1 76;'d<. 
f .970 
3 . 877 
2 . 313 ** 
clt c2t est c c Dl D2 DJ [)/ 
R2 
6t /t 4 
-6.15 7 - . 6 91 - .4 72 - . 4 76 
2.063 .320 .318 .328 
- 2.983,h'dc - 2 .1 60,Hc - 1. 4 82 -1 .453 . 953 
- 7.118 - . 7 76 -. 592 - .608 
2. O!+ 7 .327 .316 .324 
-3. 4 77"''°"'' -2. 3 72 ,.,,.,_ -1. 87 p -1.8 75''' . 950 
-12.892 -.744 - . 62 9 -.608 
4. 3 72 .·313 . 323 .328 
-2. 948o'dd - 2 .3 76"''"' -1. 946 '" - 1. 851 "' . 956 
-10. 77!+ - . 71 9 -.560 -.542 
2 . 400 . 313 .301 .309 
-4.489 -2. 2 94 ""'' - 1.859»-· -1. 7':iP . 956 
-3 ,!; 93 -1. 44 9 -1. 140 -1.212 
2. 123 . L+2 7 .435 .4bl 
- 1.v~5'" -3.389'"'""' -2. 618'"';'( -2. 626ld; . 918 
- . 018 - 2.187 -1.188 - . 864 - . 864 
.0 55 4.262 .415 . 418 .430 
-.336 - . 513 -2. 858""''.,.' -2. 02 7-in'c -2.007 '" . 914 
.061 -8. 04 9 -.989 - . 693 - . 716 
.055 4 . 685 . i'+24 . 4 10 .420 
1. 113 ~1.717 •k - 2.333''"" -1 .688)" -1.706)" . 915 
-.1 66 10.217 .150 - . 682 -.275 -.322 
. OL+O 2. 967 3. 735 .375 . 3 83 . 3 90 
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Figure 10. Statis tics from regre ssion estimates of wholesa le- retail 
margin equations f or lamb (taking LP 1t) 
83 
Independent 
pl, LPL L iv! clt c c c6t c7t LPlt c r c c c7t Wt Wt . Rt - 1 2t St lt "2t St 6t 
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Figure 11 . Statistics from r egression estimates of wholesale-retail 
margin equations f or pork (taking LP2t) 
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. 04 7 6 . 0 25 • 1; 2 2 . 415 .437 
- 1 .1 69 1.398 -.2 76 - l. 02 6 1. 706°'' . 813 
Figure 12 . Statistics from regression estimates of wholesa l e -
retail marg in equations for beef (taking LP2t) 
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Figure 13 . Statistics from r egression estimates of wholesale-retail 
margin equations for l amb (ta king LP2t ) 
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Figure 14. Statistics f rom r egression estimates of selected farm-whole-
sale margin equations f or pork , beef and lamb using ordinary 
least squares and two~stage least squar es 
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Figure 15. Statistics from regression est imates of selected wholesale-
retail margin equations for pork, beef and lamb, using 
ordinary least squares and two-stage least squares 
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VII . SUMMARY AND CONCLUSIONS 
This study investigates the short and long run effects of different 
variables on the f arm-wholesale and wholesale-retai l margins for pork , 
beef and lamb in the United States during the period 1954 through 1967 
using l east squares r egression techniques and qua r terly data . 
The estimation procedures used were, to a large extent , ordinar y 
least squar es and, to a lesser extent, two stage least squar es . The 
results obtained by ordinary least squares are condensed in Figure 16. 
The lef t hand s ide shows the dependent variables, the top r<:M shows all 
the explanatory variables. To each dependent variable correspond two 
rows of pl us or minus signs which indicate the sig~ of the coeff icients 
of the variable in the pr evious equations where the first row refer s to 
the set of e quations including LPlt' a nd the second row r efers to the 
equations including LP2t . The asterisks indicate the levels of signifi-
cance reached by the corresponding coefficients . The R2 values refe r to 
the l~est a nd highest ones obtained in the different sets of equations . 
The table allows different comparisons . 
A. Gomparison of the Goef( icients of an Explanatory Variable 
in the Two Sets of Eq uations Including LPlt or LP2t 
As a whole the use of LPlt or LP2t affected only the coefficients of 
the cost indexes . Discrimi nation between LPlt and LP2t is not possible 
since t he coefficients of both LPlt and LP2t had conflicting signs . How-
ever , it can be seen that the equations involve fewe r contrad ictions 
whenever the coefficient of t he index of labor productivity is negative . 
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This holds for LPlt in the equations for ~t and ~t and for LP2t in the 
equation for M~t· In deflating the cost indexes by the indexes of labor 
productivi ty (LPlt or LP2t)' LPlt lead to fewer contradictions than LP2t• 
• • 
This holds in particular for C6t and C7t • 
B. Comparison of the Sign of the Coeff icients of a 
Given Explanatory Var iable in the Equations of Different Margins 
This refers particularly to the undeflated and deflated cost inde xes 
and to the seasonal dummy variables. It should be expected that the cost 
variables influence the different margins in the same direction. 
Among the undeflated cost indexes the signs of the coeff i cients of 
Clt ' c2t ' c4t and c5t had no or few conflicts. Among the defl a ted cost . . ' 
indexes the coefficients of Cit• c6t and c7t had relativel y few conflicting 
signs. 
Wneteas c1t had a signif icant positive i nfluence upon t he whol esa l e 
and retail margin of pork, it had a significant negative influe nce upon 
the wholesale margin of beef and a significant positive influence upon 
' the retail margin of beef . Cit exertE(la significant negative ef fect upon 
t he retail margins of pork , beef and lamb . 
The influence of c2t on the different margins was positive with the 
exception of the wholesal e margin for beef and the r etail mirgin for lamb. 
The influence was significant at the one per cent level in the wholesale 
and retail margin equations for pork. 
There is no evidence that the weighting systems applied to c3t, the 
cost index of t he beef industry , and to C4t, the cost index of the pork 
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industry , are superior to the one applied to C2t• the cost index of the 
livestock and meat industry. 
Cst exerted a positive influence upon the retail ma rgins for pork, 
beef and lamb . Only in the r etail margin equations for pork was this 
influence significant at the one per cent level. Deflation of c5t by 
LPlt resulted in conflicting signs of coefficients. By using LP2t as 
t 
the deflator, negative coefficients for c5t were obtained in all retail 
margin equations. 
I 
A comparison of c6t and c7t with c6t and C7t shows that deflation of 
the hourly earnings of production workers in the meat i ndustry and of non-
supervisory workers in grocery, meat and vegetable stores by the index 
of labor productivity gave results which we re both more consistent and 
I 
significant . However, it is not poss ible to dis criminate between c6t 
I 
and c7t in the retai l margin equations for pork and lamb . Only in the 
I I 
r etail margin equations fo r beef did c6t perform better than c7t . The 
seasonal influence upon the margins exhibits various patterns . There is 
a s ignificant negative inCluence of the first quarter upon ~t ' ~t and 
B B MRt · The third quarter has a significant positive effect upon MWt and 
M~t and a significant negative effect upon ~t · 
C. Comparis on of the Influence of Similar Expla natory 
Va r iables on the Corresponding Margins 
The whol esale margin of pork had a positive influence upon the whole-
sale margins of beef and lamb. Only the influence on the wholesa l e margin 
of beef was significant. Similarly the wholesale margin of beef had a 
positive and significant effect upon the wholesa le margi n of pork . The 
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influence upon the wholesale margin of lamb was cont r adictory . The same 
observations are made with respect to the retail marg ins of pork and beef , 
with the exception that the ret ail margin of pork exerted a signif icant 
positive influence upon the retail margin of lamb. 
Farm prices and changes in [arm prices of por k , beef and lamb had a 
negative influence upon the corresponding fa r m-wholesale margins . Only 
the coefficients of P~t andAP~t and6P~t were significant . 
There was no evidence of a s ignifi cant infl uence of wholesale pr i ces 
of pork , beef and lamb on the cor responding farm-wholesale margins . 
Wholesale prices, howeve r,ex:erted a significant influence upon r etail mar-
gins . Although some coefficients of P~t a nd P!;t had negative s i gns, only 
positive coefficients of the wholesale pr ices of pork, beef and lamb were 
signi ficant . 
L Among the changes in wholesale prices only .6.Pwt exerteda significant 
pos i tive infl uence upon the fa rm-wholesa le margin of l amb . However, ther e 
is s i gnificant evidence that changes in wholesale prices of pork, beef 
a nd lamb affect the corresponding r e tail margins . p In addition, L:::.Pwt had 
a signif icant positive effect upon ~t · 
Ther e is c lear e vidence of a significant positive inf luence of lagged 
wholesale ma rgins of pork, beef and lamb on the corresponding wholesale 
mar g i ns . The s ame holds for the lagged r etail margins . 
Changes in f arm marketings of pork, beef and lamb exer ted a positive 
i nfluence upon the corresponding wholesale marg ins . Only the infl uence of 
L:::.Q~ on ~t was signif icant . 
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The effect of absolute and relative changes in inventories of por k, 
beef and lamb on the corresponding farm-wholesale margins wa s contradic-
tory. Only the negative influence of C,'I~ on the farm wholesale margin 
of beef was sign i ficant. 
Variations of t he corresponding var iab les above accounted for about 
60 , 70 and 8 0 percent of the va riance of t he wholesale margin of pork, 
beef and lamb respectively. Similarly, correspondi ng comb inations of 
the above va riables e xpla i ned about 90 percent of t he variance of the 
r etail margin of pork, beef and lamb. 
D. Main Explanatory Va r iables in Different Marg in Equa tions. 
Horizontal rea ding of Ta ble 16 allCMs identif icat ion of t ho se 
explanator y variables which had significant influence upon t he differ ent 
ma rgin s. Below the differ ent margins are given together with the main 
explanatory variables. The direction of influence is indicated by a ( +) 
or ( -) behind t he explanator y variable in quest ion . The levels of 
significance r eached by t he corresponding coefficients a r e given in 
Table 16 . 
The fann-wholesale margin for pork was significantly influenced by 
l. the wholesale margin for beef , ~t(+), 
2. the change i n pork price received by farmers , ,\ P~t(- ) , 
3 . the lagged wholesale margin for pork , ~t-l(+), 
4 . the factor costs on t he wholesale l eve l 
a. using LP1 t(-) 
C2t( +), C4t(+), 
C ' 2tC+), C ' 4t(+), C' 6t(+), 
b . using LP2 t 
98b 
The E.1 r rn -whole.sale margi.n for beef was significantly influenced by 
1. the wholesale margin for pork, ~t(+). 
2. the beef price received by farmers, ~t(-), 
3. the lagged wholesale margin for beef, ~t-l(+), 
4. the factor costs on the wholesale level 
a . 
b. 
using LP ( +- ) 
lt 
Ci.t(-), 
using LP (+-) 
2t 
Clt( - ) , C6t(+), 
5. the relative change in beef inventories , 1~.'I~(-) . 
The farm-wholesale margin for lamb was significantly influenced by 
1. the change in lamb prices received 
L 
by farmers, 1~.PFt(-), 
2 . the change in lamb wholesale price, .0,P~t(+), 
3. the lagged wholesale ~rgin for lamb , L 1Wt-l ( +), 
4. the change in farm marketings of lamb , ~. Q~(+), 
5. the factor costs on the wholesale l evel 
a . using LPlt 
c2 t c • ) • 
c2 t < + > • c 6 t < +) • 
b. us ing LP 2 t 
The wholesa le-retail margin for pork was significantly influenced by 
1. the margin for bee f, MB ( +)' 
Rt 
2 . the pork wholesale price, pP (+ 
wt -). 
3 . the change in po rk wholesale price , 
p 
\ PWt(-), 
4 . the lagged retail ma rg i.n for pork, 
p 
MRt- 1 ( +) • 
98c 
5. the factor costs in retailing 
a. using LP
1
tC+ -) 
cltC+), c2t(+), c5tC+), 
cit(-), c6tC+), c7tC+), 
b . using LP2tC+ -) 
c1tC+), c2t(+), c 6tC-), c 7tC-), 
C]t(-). 
The wholesale-retail margin for beef was significantly influe nced by 
1. 
2. 
3 • 
4 . 
5. 
the retail margin for pork, Mftt( +) • 
the beef wholesale price, p~t( +)' 
the change in beef wholesale price, ,~ P~t(-), 
the lagged reta il ma rgin for beef, 
the factor costs in 
a . using LP1t(+) 
Clt(+)' C2t( +)' 
b . using LP2 t 
Clt( +) , 
retailing 
c i t( - ) , ci t (-) , c 5tC -), c 5t C+ ) . 
MB (+) 
Rt-1 ' 
The wh o l e sa l e -retail margin f or lamb was sign i f i cantly inf lue nced by 
1. 
2 . 
3 • 
4. 
5. 
the retail margin for pork, M~t(+) , 
the lamb wholesale price, PhtC+ -), 
the change in the lamb wholesale price, ,: . P~t(-), 
L the lagged retail margin for lamb, MRt(+), 
the factor costs in retailing 
a . u s ing LP (+ -) 
lt 
c (+), c (+), 
St 7t 
b. 
98d 
cit(-), c5tC +), c 7tC+), 
us i ng LP
2
tC+) 
Cit(-), Cit( -). 
To determine the impact of the estimation procedure used, ordinary 
and two-stage least squares were applied to six selected wholesale-
and retail-margin equations. There was no major difference between 
the coefficients obta ined by ordinary and two-stage least squares 
regression. 
Finally it was shown that the use of the estimation procedure 
for seemingly unrelated equations (63) is not justified. 
Figure 16 . Summary of the statistics f rom ordi na ry leas t squares 
regression estimates of the farm-wholesale and wholesale-
reta i l margin equations for pork , bee f and lamb 
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VIII . SUGGESTIONS FOR FURTH.ER STUDY 
Further investigation of the farm-wholesale margins for pork, beef 
and lamb seems to be in order . The r esults of the preceding study sug -
gest that important factors influencing these margins have not been in-
cluded in the analysis . To dete rmine these factors f urther s tudy on the 
structure and performance of the farm-wholesale market channel for pork, 
beef and lamb is r equired. 
Furthermore the incons i stencies of the signs of the coeffi cients of 
some cost indexes and the indexes of labor productivLty deserve c l arifi-
ca tion . These inconsistencies may be due among others t o lags in ad-
justme nt . 
An economical alternative t o the setting up of the equations in this 
study would be the use of the regression model building system put forth by 
Bonnie L. Hanson (9a) . Based on standar dized total squared error this 
method provides an efficient procedure to find the ' best ' (in t e rms of 
minimum residual sum of squares ) subset or s ubsets of the independent 
variables . 
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XI. APPENDIX 
The tollowing are the principle series used in the ana l yses . 
1 
~t ~t ~t {t MB t{t Rt 
1954 1 11. 7 9. 2 11.4 ll . 8 17 . 7 12 . 4 
2 11.6 9 . 3 11. 9 12. 2 17 . 1 13 . 8 
3 12 . 1 10 . 4 11.1 13 . 9 15 . 6 17 . 0 
4 12 . 1 8 . 7 11.7 14. 4 15 . 1 15.3 
1955 1 12. 6 8 . 3 10 . 7 13 . 7 15 . 2 14 . 7 
2 12 . 2 9.5 11.1 11 . 3 17 . o 14. 4 
3 13 . 7 10 . 8 11.7 13 . 3 16 . 3 16 . 2 
4 13. 9 10 . 2 10 . 6 15 . 0 18 . 3 14 . 2 
1956 1 13 . 2 10 . 1 8 . 8 13 . 2 18 . 1 14 . 4 
2 12 . 0 9 . 6 12 . 6 12 . 4 17 . l 13 . 5 
3 13 . 2 10 . 2 13 . 2 13 . 5 13 . 9 14 . 5 
4 12 . 7 9 . 7 10 . 9 14 . 7 18 . 9 15 . 4 
1957 l 13 . 1 9. 9 10. 0 14 . 1 19 . l 15 . 2 
2 13. 0 9 . 9 12 . 7 14 . 2 18 . 2 15. 0 
3 14 . 0 10 . 2 11.9 16 . 0 17 . 8 17. 5 
4 13.3 8 . 7 12 . 0 15 . 5 18. 7 16 . 3 
1958 1 14 . 1 9 . 5 12 . 7 14 . 2 18 . l 16 . 9 
2 14 . 1 9. 6 12 . 5 14 . 0 2 o. 7 16 . 4 
3 14 . 1 9 . 9 12 . 3 15 . 7 22 . 1 17 . 3 
4 13 . 6 8 . 8 11.4 16 . 5 21.8 20 . 0 
1959 l 13. 4 9 . 6 10. 5 17 . 4 2 0 . 2 20 . 7 
2 13. 5 9 . 5 14 . 6 16 . 4 2 0 . 1 16 . 9 
3 14. 3 10 . 0 13 . 9 17 . 6 21.5 19 . 2 
4 14. 6 11 . 0 12 . 5 17 . 3 2 3 . 2 19 . 0 
1960 1 14 . 0 10 . 2 11. 7 14 . 2 2 0 . 8 19 . 4 
2 13 . 3 10 . 4 13 . 2 14 . 4 21.3 16 . 5 
3 J3 . 6 ll . 4 12 . 2 15 . 9 23 . 3 18 . 8 
4 13 . 4 10 . 3 12 .4 15.5 23 . 4 22 . 6 
1961 1 13.0 9 . 9 11.5 16. 2 22 .5 21.6 
2 12 . 4 9 . 3 12 . 2 16 . 8 24.9 19 . 0 
3 12 . 2 9 . 3 12 .7 16 . 2 23 . 4 18 . 8 
4 12 . 7 9 . 2 13.3 16 . 9 22 . 8 20. 5 
1For def inition of variables and units of meas urement see Cha pt e r v. 
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p ~t ~t p B L Mwt MRt MRt MRt 
1962 1 12 . 8 9. 4 12 . 3 16 . 0 21.2 23 . 5 
2 13 . 2 9. 7 14 . 1 lfi . 5 21. 5 19 . 1 
3 13 . 5 11.0 14 . 5 16 . 4 21.4 17 . 9 
4 13 . 7 10 . 4 12 . 8 17.1 22 . 4 21.8 
1963 1 13 . 3 9 . 2 10. 6 18 . 2 26 . 3 25 . 1 
2 12 .5 9 . 0 12 . 9 16 . 3 24 . 5 20. 0 
3 13 . 1 9 . 6 12 . 1 16 . 1 2 3. 0 21.7 
4 13 . 9 10 . 2 12 . 8 17 . 1 25 . 8 23 . 7 
1964 1 13 . 5 9 . 5 10 . 5 16 . 7 24 . 9 24 . 2 
2 12 . 8 10 . 8 13 . 4 16 . l 24 . 9 17 . 8 
3 13 . 5 12 . 8 13.9 15 . 1 22 . 1 19 . 0 
4 13 . 6 12 . 4 lJ . 3 17 . 4 24 . 4 2 3 . 7 
1965 1 12 . 4 10 . 4 13 . 0 15 .5 24 . 9 20 . 3 
2 12 . 5 10.5 14 . 1 13 . 5 21.7 18 . 2 
3 13.4 11.8 11.9 15 . 5 23.9 24 . 2 
4 12 . s 10 . 9 12 . 7 14 . 5 2 5 . 1 22 . 0 
1966 1 13 . 3 9 . 3 13 . 9 18 . 5 24 . 0 20 . 7 
2 13 . 8 9 . 1 13.8 18 . 7 25 . 6 26 . 4 
J 12 . 4 9 . 2 11.6 18 . 0 26 . 2 30 . 1 
4 15 . 7 9 . 7 11.7 19 . 0 27 .1 29 . 0 
1967 1 14 . 2 9. 2 13 . 2 19 . 2 25.7 27 . 8 
2 13 . 6 10 . 2 13 . 9 18 . 4 24 . 3 23 . 2 
3 13 . 3 11.0 15 . 1 18 . 0 22 . 5 25 . 7 
4 14.6 11.4 14. 2 20 . 0 24 . 9 2 9. 1 
p 
PFt 
B 
PFt 
L 
PFt 
p 
L::,.PFt 
B 
f:::,.PFt 
L 
.6PFt 
1954 1 25 . 00 16 . 13 19 . 7 0 3. 47 1.50 2 . 70 
2 24 . 20 16 . 97 21 . 53 -0 . 80 0 . 84 1. 83 
3 20 . 40 15 . 67 18 . 53 - 3. 80 -1.30 - 3 . 00 
4 17 . 97 15 . 30 17 . 60 -2 . 43 -0 . 37 - 0 . 9] 
1955 1 16 . 20 16 . 2 0 19 . 30 -1. 77 0 . 90 1 . 70 
2 16 . 90 16 . 47 19 . 27 o. 70 0. 27 -0 . 0:1 
3 15 . 93 15 . 80 18. 27 - 0.97 - 0 . 67 -1. 00 
4 12 . 40 14 . 23 17 . 07 -3 . 53 -1.57 -1 . 20 
1956 1 11 . 83 14 . 20 17 . 67 - 0 . 57 -0 . 03 0 . 60 
,.., 
15 . 17 15 . 23 2 o. 07 3 . 34 1.03 2 . 40 .._ 
3 15 . 7 3 15.83 18 . 90 0 . 56 0 . 60 -1.17 
4 15 . 33 14. 53 17 . 57 - 0 . 40 -1.30 -1 . 33 
llO 
p B L 
PFt PFt PFt 
p 
b.PFt 
B 
.6PFt 
L 
.6PFt 
1957 1 17 . 00 15 . 2 3 18 . 80 1. 67 0 . 7 0 1. 23 
2 17 . 7 3 17 .43 20. 57 0 . 73 2 . 20 1.77 
3 19 . 53 18 . 10 2 0. 13 1. 80 0 . 67 - 0 . 44 
4 17 . 13 17 . 93 2 0. 00 -2 . 40 - 0 . 17 - 0 . 13 
1958 1 19 . 43 20 . 7 0 21.7 3 2 . 30 2 .77 1.73 
2 21.30 22 . 63 20 . 90 1.87 1.93 - 0 . 83 
3 20 . 80 22 . 10 21 . 07 - 0 . 50 - 0 . 53 0. 17 
4 17 . 97 22 . 47 20 . 00 - 2 . 83 0. 37 -1 . 07 
1959 1 15 . 77 23 . 27 18 . 43 - 2 . 2 0 0 . 80 - 1 . 57 
2 15 . 27 24 . 13 20 . 23 - 0. 50 0 . 86 1.80 
3 13 . 50 22 . 97 19 . 30 -1.77 -1. 16 - 0. 93 
4 12 . 00 20 . 50 17 . 2 0 - 1 . 50 - 2 . 47 - 2 . 10 
1960 1 13 . 37 21 . 07 19 . 03 1. 37 0 . 57 1. 83 
2 15 . 63 21 . 43 19 . 97 2 . 26 0 . 36 0 . 94 
3 16.2 0 19 . 77 17 . 43 0 . 57 -1. 66 - 2 . 54 
4 16 . 60 19 . 47 16 . 13 0 . 40 - 0 . 30 - 1.30 
1961 1 17 . 13 20 . 80 16 . 67 0 . 53 1.33 0 . 54 
2 16 . 23 19 . 87 15 . 80 -0 . 90 -0 . 93 -0. 87 
3 17 . 13 19 . 83 15. 77 0 . 90 - 0. 04 -0. 03 
4 16 . 13 20.2 0 15 . 30 -1 . 00 0 .37 - 0 . 47 
1962 1 16 . 23 20 . 97 16 . 30 0 . 10 0 . 77 1. 00 
2 15 . 53 21.17 17 . 87 - 0 . 70 0 . 2 0 1.57 
3 17 . 53 21.53 18 . 90 2 . 00 0 . 36 1. 03 
4 16 . 17 21.57 17 . 87 -1. 36 0 . 04 - 1.03 
1963 1 14 . 67 20 . 60 17 . 87 - 1 . 50 - 0 . 97 o. oo 
2 14. 67 19 . 97 19 . 23 0. 00 - 0 . 63 1 . 36 
3 16 .43 20 . 40 18.50 1.76 0 . 43 - 0 . 7 3 
4 14.33 18 . 60 17 . 40 - 2 . 10 -1. 80 -1. 10 
1964 1 14. 27 18.60 18 . 83 -0 . 06 o. oo 1.43 
2 14 . 40 17 . 77 20 . 60 0. 13 -0 . 83 1. 77 
3 16 . 00 18 . 30 20 . 67 1.60 0 . 53 0 . 07 
4 14 . 63 17 . 57 19 .40 -1.37 - 0. 7 3 - 1. 27 
1965 1 16 . 10 18.27 21.50 1.47 o. 70 2 . 10 
2 19 . 67 20. 33 23 . 60 3. 57 2 . 06 2 . 10 
3 23 . 00 2 o. 7 3 22 . 70 3 . 33 0 .40 - 0 . 90 
4 24 . 43 20 . 03 22 . 90 1.43 -0 . 70 0 . 20 
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PFt PFt PFt .6PFt &Ft .6PFt 
1966 1 26.17 22 . 43 26 . 00 1 . 74 2 . 40 
3 . 10 
2 22 . 53 23 . 03 23 . 93 -3 . 64 0.60 - 2 . 07 
3 23 . 33 22.27 22.50 0 . 80 -0 . 76 -1.43 
4 19 . 80 21.27 21 . 83 -3.53 -1.00 - 0 .67 
1967 1 18.60 21.67 20 . 90 -1.20 0 . 40 -0 . 93 
2 19.87 22 . 37 23 . 30 1.27 o. 70 2 .40 
3 20. 33 23 . 17 22 . 63 0 . 46 0 . 80 - 0 . 67 
4 17.27 21.80 21 . 83 -3.06 -1.37 -0 . 80 
p B L p .6Pi3 .6PL 
Pwt PWt PWt .6Pwt Wt Wt 
1954 1 55 . 56 39 . 74 43 . 55 6.53 - 1. 72 3 . 41 
2 56 . 13 40.18 48 . 21 o. 57 0 .44 4.66 
3 49.72 41 . 28 42 . 90 - 6 . 41 1.10 -5 . 31 
4 43.44 42 . 93 41.37 -6 . 28 1.65 -1.53 
1955 1 41 . 23 42 . 49 42 . 30 - 2 . 21 - 0 . 44 0 . 92 
2 43 . 86 39.63 43 . 23 2 . 63 -2 . 84 2 . 30 
3 43 . 42 39 . 63 43 . 23 - 0 . 44 - 0 . 02 -1.36 
4 35 . 92 37 . 08 39.56 -7 . 70 -2. 55 -3 . 67 
1956 1 34 . 49 34. 15 37 . 48 -1 . 23 -2. 93 - 2 . 08 
2 39 . 51 35 . 24 4 6. 77 5. 02 1.09 9.2 9 
3 41 . 52 42 .32 46 . 02 2 . 01 7 . 08 -0 . 75 
4 39 . 06 40 . 24 40.47 -2 .46 - 2.08 -5. 55 
1957 1 42. 70 36 . 40 40.33 3 . 64 - 3 . 84 -0 . 14 
2 45 . 20 39 . 65 47 . 14 2 . 50 3 . 25 6. 81 
3 49 . 16 42 . 62 46 . 47 3 . 96 2 . 97 -0 . 62 
4 43.56 41.83 46.17 -5.60 -0.79 -0 . 30 
1958 1 48 . 66 46 . 37 49 . 38 5. 10 4 . 54 3 . 21 
2 51. 90 47.43 48 . 85 3 . 24 1.06 -0 . 53 
3 51.28 45 . 16 49.98 -0 . 62 - 2 . 27 1.13 
4 45 . 47 45.20 46. 78 -5.81 0 . 04 -3 . 20 
1959 l 41.61 47.53 41.37 -3 . 86 2 . 33 -5 . 4 1 
2 41.71 47.96 48 . 14 0. 10 0 . 43 6. 77 
3 39 . 54 46 . 31 46 . 53 -2 . 17 - 1 . 65 -1 . 61 
4 36.37 44 . 61 41.1 0 -3 . 17 -1.70 -5 . 43 
1960 l 38 . 02 45. 78 42 . 32 1.65 1.17 1.22 
2 41.79 46 . 03 47 . 13 3 . 77 0. 2 5 4. 81 
3 42 . 96 43.39 42 . 94 1 . 17 -2 . 64 -4.19 
4 43 . 49 42 . 81 40 . 13 0.53 -0.58 -2 . 81 
112 
p 
PWt 
B 
ptvt 
L 
PWt 
p 
.6PWt 
B 
.6PWt 
L 
&Wt 
1961 1 43 . 25 44 .52 39 . 39 -0.24 1. 71 -0. 74 
2 41 .09 40.77 39. 02 -2 . 16 -3. 7 5 - 0 . 32 
3 43.75 40.18 39. 76 2 . 66 -0.59 0. 69 
4 41.58 42. 22 38. 97 - 2 .17 2 . 04 - 0. 2 9 
1962 1 41. 7 5 44.33 38.53 0.17 2 .11 - 0 . 44 
2 40 . 92 44 . 00 43.42 - 0.83 -0.33 4 . 89 
3 45.65 45.94 46 . 87 4 . 93 1. 94 3 .45 
4 42. 70 43.21 42.77 -2. 95 1.27 -4.1 0 
1963 l 39.28 43.14 40.22 -3.42 -4.07 - 2 .55 
2 39. 00 40.41 45.36 - 0 . 28 -2.74 5.14 
3 43 . 32 42 .49 43 . 92 4 . 32 2.09 -1.44 
4 39.75 40.19 41.24 - 3.52 -2 .30 -2.68 
1964 1 38.89 38.45 41.86 -0. 86 -1.24 0 .62 
2 38 . 74 37. 88 47 . 42 -0.15 -1. 07 5 . 56 
3 42 . 88 41.81 49 . 39 4.14 3.93 1. 97 
4 39.65 40.64 45.46 -3.23 - 1.17 -3 .93 
1965 1 41.34 39 . 95 48.48 1.69 -0.89 3. 02 
2 46.21 43.53 53.54 4.87 3 .7 8 5 . 06 
3 54.16 44.67 51.60 7.95 1.14 -1 . 94 
4 56 . 20 42 . 86 51.26 2 .04 -1.81 -0.34 
1966 l 59 . 63 44 . 88 56 .98 3 . 43 2. 02 5.7 2 
2 53.74 44.38 53.10 -5.89 -0.50 - 3.88 
3 55.63 43 .14 49.85 1.89 -1 . 24 - 3 . 25 
4 51 . 21 42 .04 so. 01 -4. 42 - 1.10 0. 16 
1967 1 47.53 42 . 35 48.99 -3.68 0. 31 -1. 02 
2 47 .08 43.13 54.44 - 0.45 o. 7 8 5. 45 
3 51 .40 46. 24 56.12 4.32 3.11 1.68 
4 46 . 54 45.23 53 . 32 -4. 86 -1.01 -2 . 80 
p 
MWt-1 ~t-1 L MWt-1 ~t-1 M~t- 1 L M Rt-1 
1954 1 11.2 9.4 11 . 8 13.4 16 . 6 15 . 6 
2 11.7 9. 2 11.4 11.8 17 . 7 12 .4 
3 ll .6 9.3 11.9 12 . 2 17.1 13.8 
4 12 . 1 10.4 11. l 13~9 15.6 17.0 
1955 1 12 . 1 8 .7 11.7 14. 4 15.1 15 .3 
2 12 .6 8 .3 10. 7 13.7 15.2 14 .7 
3 12 . 2 9.5 11.1 11.3 17 . o 14.4 
4 13 .7 10.8 11.7 13 . 3 16.3 16.2 
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p 
MWt-1 
B 
MWt-1 
L 
MWt-1 
p 
MRt- 1 {t-1 
L 
MRt- 1 
1956 l 13 . 9 10. 2 10 . 6 15 . 0 18 . 3 14.2 
2 13 . 2 10 . 1 8 . 8 13 . 2 18 . 1 14 . 4 
3 12 . 0 9 . 6 12 . 7 12 .4 17 .1 13 . 5 
4 13 . 2 10 . 2 13 . 2 13 . 5 13.9 14 .5 
1957 l 12 . 7 9 . 7 10 . 9 14 . 7 18 . 9 15 . 4 
2 13.1 9 . 9 10 . 0 14.1 19 . 1 15 . 2 
3 13 . 0 9.9 12 . 7 14 . 2 18 . 2 15 . 0 
4 14 . 0 10.2 11.9 16 . 0 17 . 8 17 . 5 
1958 1 13 . 3 8 .7 12 . 0 15 . 5 18 . 7 16.3 
2 14 . 1 9.5 12 . 7 14 . 2 18 . 1 16.9 
3 14 . 1 9. 6 12 . 5 14. 0 20 . 7 16 . 4 
4 14 . 1 9 .9 12.3 15 . 7 22 . 1 17 . 3 
1959 1 13 . 6 8 . 8 11.4 16 . 5 21.8 20. 0 
2 13 . 4 9. 6 10 . 5 17 . 4 20 . 2 20 . 7 
3 13 .5 9. 5 14. 6 16 . 4 20. 1 16 . 9 
4 14.3 10. 0 13 . 9 17 . 6 21.5 19 . 2 
1960 1 14 .. 6 11. 0 12 . 5 17 .3 23 . 2 19 . 0 
2 14 . 0 10. 2 11. 7 14.2 20 . 8 19 . 4 
3 13 . 3 10 . 4 13 . 2 14 . 4 21.3 16 . 5 
4 13.6 11.4 12 . 2 15 . 9 23 . 3 18. 8 
1961 1 13 . 4 10 . 3 12 . 4 15 . 5 23 . 4 22 .6 
2 13 . 0 9 . 9 11. 5 16 . 2 22 . 5 21.6 
3 12 . 4 9.3 12 . 2 16 . 8 24 . 9 19 . 0 
4 12.2 9 . 3 12 . 7 16 . 2 23 .4 18 . 8 
1962 1 12 . 7 9 . 2 13.3 16 . 9 22 . 8 2 0 . 5 
2 12 . 8 9 . 4 12 . 3 16 . 0 21.2 23 . 5 
3 13 . 2 9 .7 14 . 1 16 . 5 21.5 19 .1 
4 13 . 5 ll . O 14 . 5 16.4 21.4 17 . 9 
1963 1 13.7 10 . 4 12 . 8 17 . 1 22 . 4 2 l.8 
2 13 . 3 9. 2 10 . 6 18 . 2 26 . 3 25 . 1 
3 12 . 5 9 . 0 12 . 9 16 . 3 24 . 5 20 . 0 
4 13 .1 9.6 12 . 1 16 . 1 23 . 0 21.7 
1964 1 13 . 9 10 . 2 12 .8 17 . 1 25 . 8 23 . 7 
2 13 . 5 9.5 10. 5 16 . 7 24 . 9 24 . 2 
3 12.8 10.8 13 .4 16 . 1 24 . 9 17 . 8 
4 13 . 5 12 . 8 13 . 9 15 . 1 22 . 1 19 . 0 
1965 l 13 . 6 12.4 13 . 3 17 .4 24 .4 23 . 7 
2 12 . 9 10. 4 13 . 0 15 . 5 24 .9 20 . 3 
3 12 . 5 10. 5 14. 1 13.5 21.7 18 . 2 
4 13 . 4 11. 8 11.9 15.5 23 . 9 24.2 
114 
Mp MB ~ Mp MB ML 
Wt-1 Wt-1 Wt-1 Rt - 1 Rt-1 Rt-1 
1966 1 12 . 5 10 . 9 12 . 7 14 . 5 25 .1 22. 0 
2 13 . 3 9 . 3 13 . 9 18.5 24 . 0 2 o. 7 
3 13 . 8 9 . 1 13.8 18 . 7 25 . 6 26 . 4 
4 12 .4 9 . 2 11.6 18 . 0 26 . 2 30. 1 
1967 l 15 .7 9. 7 11.7 19 . 0 27 . 1 29 . 0 
2 14 . 2 9 . 2 13 . 2 19 . 3 25 . 7 27 . 8 
3 13 . 6 10 . 2 13 . 9 18 . 4 24 . 3 2 3 . 2 
4 13 . 3 11 . 0 15 . 1 18.0 22 . 5 25 . 7 
6Q~ b.Qp t 6~ clt C2t c3t .c4t C5t c6t c7t 
1954 1 - 9 - 319 - 209 84. 82 81.03 81 . 56 80 . 21 86 . 00 1. 70 1. 41 
2 - 15 309 -4 84 . 88 81 . 40 81 . 88 80 . 64 86 . 02 1. 71 1.41 
3 10 68 195 84 . 90 82 . 04 82 . 42 81 . 41 86 . 45 1. 73 1.42 
4 2 783 - 37 85 . 77 83 . 64 83 . 89 83 . 15 87 . 14 1.77 1.43 
1955 1 10 -162 - 138 86 . 92 83 68 83 . 96 83 . 18 87 .1 8 1.77 1.43 
2 -6 -497 151 86 . 13 83 . 74 84 . 05 83 . 21 87 . 66 1 . 77 1.44 
3 -6 10 246 87 .15 86 . 35 86 . 45 86 . 17 87 . 96 1. 84 1.44 
4 2 1038 -56 89 . 21 89 . 93 89 . 7 5 90 . 04 88 . 60 1.93 1.44 
1956 1 19 -225 25 90 . 94 89 . 81 89. ':12 8 9. SL!. 89 . 60 1. 91 1.45 
2 - 36 -639 42 92. 01 8 9. 44 89 . 73 88 . 84 91 . 19 1.89 1.48 
3 10 -12 3 17 93 . 49 89 . 87 90 . 35 89 . 07 91 . 62 1. 89 1.48 
4 10 704 139 95 . 49 93 . 42 93 . 65 93 . 94 97 . 65 1. 98 1 . 49 
1957 1 2 - 361 - 138 96 . 56 95 . 41 95.54 Y5.14 93 .80 2 . 03 1. 51 
2 -18 -288 -133 97 . 66 95 . 39 95.68 94 . 88 95 . 04 2 . 02 1.53 
I 
3 2 -93 193 98 . 58 96 . 29 96 . 60 95 .7 9 96 . 57 2 . 04 1.56 
4 -8 541 - 163 99 . 64 98.2 8 98 . 48 98 . 99 97 . 72 2 . 09 1.58 
1958 1 4 - 307 -247 99.61 99 . 26 99 . 2 9 99.17 98 . 14 2 . 12 1.59 
2 14 -124 8 100 . 16 98 . 73 9~ . 90 98 . 40 99 . 22 2 . 10 1. 61 
3 -24 3 211 100. 40 100. 13 100.14 100 . 06 100. 55 2 . 14 1.64 
4 8 489 -85 100. 95 101. 90 l 01. 7 5 102. 10 102 . 04 2 . 19 1.67 
1959 1 32 47 189 101.65 103 . 08 103 .89 103 . 40 100 . 07 2 . 22 1.62 
2 -2 9 -222 177 101 . 63 102 . 43 102 . 37 102 . 63 100. 05 2 . 20 1.62 
3 3 -8 147 101 . 7 5 103 . 81 102. 7 3 103 . 08 1 oo. so 2 . 21 1.63 
4 13 653 0 101 . 68 105 . 73 105. 22 106 . 64 l 01. 32 2 . 30 1.65 
1960 1 4 -234 60 l 02 . 37 106 . 58 106 . 01 107 . 50 103 . 2 9 2 . 32 1.69 
2 -9 -312 29 102 . 66 106 . 04 105 . 58 106 . 7 8 104.22 2 . 30 1.71 
3 10 -248 256 102 . 51 106 . 27 105 . 77 l 07 .10 104.59 2 . 31 1.72 
4 5 379 -169 102 . 72 107 . 32 106 . 68 108. 32 105 . 99 2 . 34 1. 75 
115 
6QL6Qp 
t t 
6QB 
t clt C2t C3t C4t 
C5t c6t c7t 
1961 1 16 -48 -39 102 . 7 6 1 08 . 33 107 . 50 1 09 . 50 106 . 44 2 . 37 1.76 
2 1 - 150 228 101. 63 1 06 . 67 106.09 107 . 83 107 . 30 2 . 33 1. 7 9 
3 - 17 -197 43 102 . 03 106 . 78 106 . 2 7 107. 90 1 07. 8 3 2 . 33 1.80 
4 5 574 -92 103 .46 109. 2 0 108 . 46 11 0 . 48 109 .20 2.39 1.82 
1962 1 11 - 86 -72 103 . 49 111 .18 ll0.13 112. 8 6 110 . 06 2.45 1. 84 
2 -23 142 58 103 . 68 109 . 91 109 . 06 111.27 110.54 2 . 41 1.8 5 
3 6 - 2 97 93 103. 35 110 . 15 109 . 2 5 111.65 11 0 . 85 2 . 42 1.86 
4 8 685 -109 103 . 35 111 . 13 110 . 09 112 . 84 112 . 18 2.45 1.89 
1963 1 - 7 -96 8 1 103 . 8 0 112 . 30 111.20 114 . 19 113. 00 2 . 49 1.90 
2 - 21 - 194 226 103 . 50 111. 50 11 0 . 50 113. 30 113 . 60 2 .46 1.92 
3 1 9 - 187 90 103 . 80 111.60 110 . 60 113. 34 113.70 2 . 46 1.93 
4 2 655 19 103.50 113. 60 112. 30 115. 85 115. 00 2 . 52 1.96 
1964 1 -1 0 - 128 99 103. 8 0 115.10 113 . 60 117 . 59 116. 50 2. 57 1. 98 
2 - 15 -325 388 104 . 50 114 . 60 113. 30 116 . 8 5 11 7 . 40 2.56 2 . 01 
3 0 - 2 56 -57 104.50 114 . 60 113. 30 116 . 85 117 . 4 0 2 . 54 2 . 01 
4 8 758 79 1 05 . 2 0 116 . 20 114.80 118 . 66 119 . 00 2 .58 2 . 04 
1965 1 - 16 - 403 -165 105 . 20 116 . 9 0 115 . 40 11 9 . 51 12 0 .40 2 . 61 2. 06 
2 - 7 -382 - 8 8 105.50 ll 7 . 00 ll 5 . 50 11 9 . 55 121.20 2 . 61 2 . 08 
3 7 - 101 32 7 105 . 80 116 . 4 0 115 . 00 118 . 74 12 1. 30 2 . 60 2 . 09 
4 - 2 240 47 106 . 80 118 . 10 116. 60 120.59 123 . 00 2 . 63 2 . 12 
1966 1 - 5 - 73 - 25 107 . 80 119 . 1 0 117 . 60 1 2 1.59 124 . 00 2 . 66 2 . 14 
2 10 -6 58 108. 8 0 119 . 40 118 . 00 121.74 12 5 . 00 2 . 66 2 . 15 
3 - 3 - 22 218 108 . 80 120 . 10 118 . 60 122 . 59 125 . 70 2 . 67 2 . 17 
4 - 5 612 - 49 110 . 20 121. 90 12 0 . 40 124 . 51 126 . 80 2 . 72 2 . 19 
1967 1 21 - 5 1 110.20 124. 7 0 122 . 8 0 12 7. 91 128 . 90 2 . 7 9 2 . 23 
2 -31 - 355 145 111.10 12 5 . 00 123.2 0 128 . 06 129 . 20 2 . 79 2 . 24 
3 10 2 4 - 117 lll.80 124 .40 122 . 80 127 . 28 130. 70 2 . 78 2 . 26 
4 - 3 498 - 54 112 . 60 12 6 . 10 124.40 129.1 3 131. 7 0 2 . 82 2 . 2 9 
I t I I I f I 
Chlt Ch2t LPlt clt c2t c3t c4t est c6t c 7t 
1954 l 61.34 . 8969 94.57 90 . 34 . 90 . 94 8 9 . 4 3 95 . 89 1.90 1.57 
2 69 . 52 . 8969 94. 64 90 . 76 91.29 8 9. 91 95 . 91 1. 91 1.57 
3 7 5 . 15 . 8969 94 . 66 91 . 47 91.89 90 . 77 96 . 39 1. 93 1.58 
4 76. 97 . 8969 95 . 63 93 . 25 93.53 92 . 71 97 . 16 1.97 1.59 
1955 1 53 . 34 • 9271 92 . 68 90 . 2 6 90 . 56 89.62 94.04 1. 91 1.54 
2 63 .29 • 9271 92 . 90 90 . 32 90 .66 89 . 75 94 .55 l. 91 1. 55 
3 7 5 .42 • 9271 94.00 93 . 14 93 . 2 5 92 . 95 94. 88 1. 98 1.55 
4 77 . 75 • 9271 96 . 22 97 . 00 96.81 97 . 12 95.57 2 . 08 1.55 
l I c, 
• • . . • ' ' 
Chl t Ch2L LPlt clt c 2t c3t c4t est c6t c7t 
1956 l 65 . 77 56 . 46 . 9583 94 . 90 93 . 72 93 . 83 93 . 44 93 . 50 1.99 1.51 
2 67 . 80 61. 76 . 9583 96 . 01 93 . 33 93 . 63 92 . 71 95.16 1. 97 1.54 
3 72 . 67 62 . 3S .9583 97 . 56 93 . 78 94 . 28 92 . 9S 95 . 61 1. 97 1.54 
4 70 . 17 SS . 27 . 9583 99 . 65 97 . 49 97 . 7 3 96 . 98 101 . 90 2 . 07 1.55 
1957 1 65 . 7 9 SS . 62 • 9898 97 . 56 96 . 39 96 . 52 96 . 12 94 . 77 2 . 05 l.S3 
2 63 . 73 58 . 48 . 9898 98 . 67 96 . 37 96 . 67 95 . 86 96 . 02 2 . 04 1.55 
3 7 o . 82 63 . 7 3 . 9898 99 . 60 97 . 28 97 . 60 96 . 78 97. 57 2 . 06 1.58 
4 67 . 41 56 . 80 • 9898 100 . 67 99 . 2 9 99 . 49 99 . 00 98.73 2 . 11 1.60 
1958 1 47 . 47 41.71 • 9901 100 . 61 100 . 25 100 . 28 100 . 16 99 . 12 2 . 14 1.61 
2 54 . 67 47 . 47 . 9901 101.16 99 . 72 99 . 89 99 . 38 100 . 21 2 . 12 1.63 
3 66 . 36 56 . 36 • 9901 101 . 40 101 . 13 101.14 101 . 06 101. 56 2 . 16 1.66 
4 72 . 78 61 . 83 • 9901 101 . 96 102 . 92 102 . 77 103 . 12 103 . 06 2 . 21 1.69 
1959 1 51 . 33 42 . 95 1. 0198 99 . 68 101. 08 100. 89 1 01 • 39 98 . 13 2 . 18 1.5 9 
2 53 . 71 49 . 64 1 . 0198 99 . 6b 100 . 44 100. 38 100 . 64 98 . 11 2 . 16 1.59 
3 64 . Sl 58 . 05 1. 0198 99 . 77 L00 . 81 100. 74 101. 08 98 . 55 2 . 17 1.60 
4 67 . 30 58 . 11 1. 0198 99 . 71 103 . 68 103 . 18 104 . 57 99 . 35 2 . 2 6 1.62 
1960 1 56 . 31 48 . 99 1. 0588 96 . 08 100. 66 100 . 12 101 • 53 97 . 55 2 . 19 1.60 
2 54 . 4 48 . 88 1 . 0588 96 . 96 100 . 15 99 . 72 100 . 85 98 . 43 2 . 17 1.62 
3 64 . 30 56 . 94 1.0588 96 . 82 100 . 37 99 . 90 101. 15 98 . 7 8 2 . 18 1.62 
4 67 . 60 57. 7 9 1 . 0588 97 . 02 101 . 36 100 . 76 102 . 30 100.1 0 2 . 21 1.65 
1961 1 61.29 50. 70 1. 1287 91 . 04 95 . 98 95 . 24 97 . 01 94 . 30 2 . 10 1.56 
2 58 . 42 52 . 85 1.1287 90 . 04 94 . 51 93 . 99 95 . 53 95 . 07 2 . 06 1 .59 
3 68 . 34 62 . 70 1.1287 90 . 40 94 . 60 94 . 15 95 . 60 95 . 53 2 . 06 1.59 
4 68 . 43 60 . 07 1.1 287 91.66 96 . 75 96 . 09 97 . 88 96 . 7 5 2 . 12 1.61 
1962 1 57 .52 48 . 82 1 . 1538 89 . 69 96 . 36 95 . 45 97 . 82 95 . 39 2 . 12 1.59 
2 57 . 27 52 . 4 ') 1. 1538 89 . R6 9'> . 26 Q4 . '>2 % .44 QS . 81 2 . 09 l.60 
3 6L~ . 65 57 . 75 1. 1538 89 . S7 95 . 47 94 . 69 96 . 77 96 . 07 2 . 10 1. 61 
4 66 . 22 57 . 98 1 . 1538 89 . 57 96 . 32 95 . 42 97 . 80 97 . 23 2 . 12 1.64 
1963 1 62 . 58 55 . 24 1. 2019 86 . 36 93 . 44 92 . 52 95 . 01 94 . 02 2 . 07 1.58 
2 66 . 79 61. 90 1. 2 01 9 86 . 11 92 . 7 7 91 . 94 94 . 27 94 . 52 2 . 05 1.60 
3 70 . 81 66 . 2 7 l. 2019 86 . 36 92 . 85 92 . 02 94. 30 94 . 60 2.05 1. 61 
4 74 . 16 65 . 99 1. 2 019 86 .11 94 . 52 93 . 44 96 . 39 95 . 68 2 . 10 1.63 
1964 1 70. 06 b4 . 38 1.2308 84 . 34 93 . 52 92 . 30 95 . 54 94 . 65 2 . 09 1.61 
2 66 . 37 61. 71 1. 2308 84 . 90 93 . 11 92 . OS 94 . 94 9S . 39 2. 08 1. 63 
3 70 . 06 63 . 2 9 1 . 2308 84 . 90 93 . 11 92 . OS 94 . 94 95 . 39 2 . 06 1.63 
4 70 . 04 61 . 22 1.2 308 8S.47 94.41 93 . 27 96 . 41 96 . 69 2 . 10 1.66 
1965 1 63 . 90 55 . 92 1 . 2202 86 . 22 95 . 80 94 . S7 97 . 94 98 . 67 2 . 14 1. 69 
2 67 . 91 61.88 1 . 22 02 86 . 46 95 . 89 94 . 66 97 . 98 99 . 33 2 . 14 1.7 0 
3 7f> . ll 69 . 05 1.2202 86 . 71 95 . 39 94 . 25 97 . 31 99 . 41 2 . 13 1.71 
4 76 . 68 69 . 55 l. 2202 87 . S3 96 . 79 95.56 98 . 83 100. 80 2 . 16 1.74 
l l7 
' ' ' • ' ' ' 
Chit Ch2t LPlt cl t C2t c3t c4t C5t c6t c7t 
1966 1 74 . 09 68.94 1.2193 88 . 41 97 . 68 96 .45 99 . 72 101. 70 2 . 18 1.76 
2 71.94 68 . 41 1.2193 89 . 23 97 . 93 96.78 99 . 84 102 . S2 2 . 18 1.76 
3 77 . 25 74.32 1.2193 89 . 23 98 . 50 97 . 27 100 . 54 103 . 09 2 . 19 1.78 
4 81.S7 77 .S2 1. 2193 90.38 99.98 98.7 s 102 . 12 103 . 99 2 . 23 1.80 
1967 1 77 . 69 72 . S4 l. 24S8 88 . 46 100.10 98 . S7 102 . 67 103.47 2 . 24 1.79 
2 77 . 90 74.S2 l.24S8 8 9 . 18 100.34 98 . 89 10/ . 7 9 103 . 71 2 .24 1.8 0 
3 7 9. 37 7S.S8 l . 24S8 89 . 74 99.86 98 . S7 102 . 17 104.91 2 . 23 1.81 
4 80.19 7S .15 l . 24S8 90 . 38 101.22 99 . 86 1 03 . 65 lOS . 72 2.26 1.84 
I c' c· C' C' C' C' LP2t c 
lt 2t 3t 4t St 6t 7t 
1954 l 8 5 99 . 7 9 9S . 33 9S. 95 94 . 36 101 . 18 2 . 00 1.66 
2 85 99 . 86 9S . 76 96 . 33 94 . 8 7 101.20 2 . 01 1.66 
3 85 99 . 88 96 . 52 96 . 96 9S . 78 101. 71 2 . 04 1.67 
4 85 100. 91 98 .40 98 . 69 97 . 82 102 . S2 2.08 1.68 
19S5 l 91 9S . 42 91 . 96 92 . 26 91.41 9S . 80 l . 9S l . S7 
2 91 94 . 6S 92 . 02 92 . 36 91 . 44 96 . 33 l . 9S 1.58 
3 91 95 . 77 94 . 89 95 . 00 94 . 69 96 . 66 2 . 02 1 . 58 
4 91 98 . 03 98 . 82 98 . 63 98 . 94 97. 36 2 . 12 1.58 
1956 1 93 97 . 78 96 . 57 96 . 69 96 . 28 96 . 34 2 . 05 1.56 
2 93 98 . 94 96 . 17 96 . 48 95 . 53 98 . 05 2 . 03 l.S9 
3 93 100.53 96 . 63 97 . lS 9S . 77 98 . 52 2 . 03 1.59 
4 93 102 . 68 100 . 45 100. 70 99 . 94 lOS . 00 2.13 1.60 
l 9S7 1 96 100 . 58 99 . 39 99.S2 99 . 10 97 . 71 2 . 11 1. 57 
2 96 101. 7 3 99.36 99 . 67 98 . 83 99 . 00 2.10 1.59 
3 96 102 . 69 100 . 30 100. 63 99 . 78 100 . S9 2 .1 3 1.62 
4 96 103 . 7 9 102 . 38 102 . 58 102 . 07 101. 7 9 2 .18 l.6S 
1958 1 99 100 . 62 100. 26 100. 29 100 . 17 99 . 13 2.14 1.61 
2 99 101.17 99 . 73 99 . 90 99 . 39 100 . 22 2 .12 1.63 
3 99 101.41 101.14 101 . 15 101 . 07 101. S? 2.16 1.66 
4 99 101 . 97 102 . 93 102 . 78 103 . 13 103. 07 2.21 1.69 
1959 1 105 96 . 8 1 98.17 97 . 99 98 . 48 95 . 30 2 . 11 1.54 
2 105 96 . 79 97 . SS 97 . 50 97 .74 95 . 2 9 2 .1 0 l.S4 
3 105 96 . 90 97 . 91 97 . 84 98 . 17 95 .71 2.10 1.55 
4 105 96 . 84 100. 70 100 . 21 101.56 96 . SO 2.19 1.57 
1960 1 111 92 . 23 96 . 02 95 . 50 96 . 85 93 . 05 2 . 09 1.52 
2 111 92 . 49 95 . 53 9S . 12 96 . 2 0 93 . 89 2 . 07 1.54 
3 111 92 . 35 9S . 74 95.2 9 96 . 49 94 . 23 2.08 1.55 
4 111 92 . S4 96 . 68 96 . 11 97 . S9 9S . 49 2 .11 1.58 
118 
LP2t C' lt 
C' 
2t c3t c4t 
C' 
St C6t c7t 
1961 1 116 88 . 59 93 . 39 92 .67 94. 40 91.76 2 .04 1.52 
2 116 87 . 61 91. 96 91.46 92. 96 92 . so 2 . 01 l.S4 
3 116 87.96 92 .05 91 . 61 93.02 92 . 96 2 . 01 l.5S 
4 116 89 .1 9 94.14 93.SO 95 . 24 94.14 2.06 1.57 
1962 1 120 86 . 24 92 . 65 91.78 94 . 05 91.72 2 . 04 1 .53 
2 120 86 .40 91.59 90.88 92 .73 92.12 2 . 01 1.54 
3 120 86.13 91. 7 9 91.04 93.04 92 .38 2 . 02 1.55 
4 120 86 .13 92 .61 91.74 94.03 93. 48 2 .04 1.58 
1963 1 128 81.09 87 . 73 86.88 89.21 88.28 1.95 1.48 
2 128 80.86 87 .ll 86 . 33 88 . 52 88 . 75 1. 92 1.50 
3 128 81.09 87 . 19 86.41 88 .55 88 . 83 1.92 1.51 
4 128 80 . 86 88 .75 87 .73 90.51 89 . 84 1. 97 1.53 
1964 1 129 80. 47 89 . 22 88.06 91.16 90 . 31 1.99 1.53 
2 12 9 81 . 01 88 . 84 87 .83 90 . 58 91 . 01 1.98 1 .56 
3 129 81.01 88 . 84 87 . 83 90.58 91. 01 1. 97 1.56 
4 129 81.55 90.08 88 .99 91 . 98 92 . 2 5 2 . 00 1.58 
1965 1 134 78.51 87 . 24 86.12 89. 19 89.85 1.95 1.54 
2 134 78.73 87 .31 86 .19 89.22 90 .45 1.95 1.55 
3 134 78.96 86 . 87 85 . 82 88 .61 90 .S2 1.94 1.56 
4 134 79.70 88.13 87 . 01 89.99 91. 79 1 . 96 1.58 
1966 l 143 75.38 83 . 29 82 . 24 85.03 86 . 71 1.86 1 . 50 
2 143 76.08 83 . 50 82 .52 85 . 13 87 .41 1.86 1.50 
3 143 76.08 83.99 82 .94 85 .73 87 .90 1.87 1.52 
4 143 77.06 85 . 24 84 . 20 87 . 07 88 .67 1.90 l.S3 
1967 l 147 74.97 84.83 83.54 87 .01 87.69 1.90 1.52 
2 147 75 . 58 85.03 83 . 81 87 .12 87 . 89 1 . 90 1 . 52 
3 147 76 . 05 84 . 63 83 . S4 86 . 59 88 . 91 1 . 89 1.54 
4 147 76.60 85.78 84.63 87 . 84 89 .59 1 . 92 1 .56 
6Ip 
t 
618 
t 
6IL 
t 
61P 
t 
618 
t 
~IL 
t 
19S4 1 91 -76 -3 .2442 -.3601 -.2 8S7 
2 -71 -58 0 -.1856 - .402 7 .oooo 
3 -132 -5 -2 -.4697 -.0444 -.2500 
4 234 78 3 .7048 .5232 .3529 
1955 1 95 -46 -1 . 1913 -.2787 -.1052 
2 -168 -36 0 - . 3652 - . 2 903 . 0000 
3 -197 4 0 - .7 099 . 0370 . 0000 
4 242 95 2 .8066 .6031 .2 000 
119 
Alp .6.IB AI
1 ~Ip ~IB ~IL 
t t t t t t 
1956 l 93 -17 -1 . 1989 - . 0865 - . 0952 
2 -120 - 53 -1 - . 2643 - • 3281 - . 1052 
3 -228 -18 1 -. 8142 - . 1428 . 1052 
4 114 127 2 . 5112 • 7036 . 1818 
1957 1 72 - 64 -4 . 2278 -. 3018 -.4000 
2 -7 5 - 67 -1 - . 2384 -. 4573 -. 1333 
3 -143 -8 -1 -. 6958 - • 0733 - . 1538 
4 60 29 -1 . 3658 . 2426 -.1818 
1958 l 30 - 24 0 .1435 -. 1967 . 0000 
2 -14 - 2 7 -. 0645 - • 0183 . 8235 
3 -83 15 -2 - .4925 .12 98 - . 1818 
4 79 51 -1 .4744 .3434 - . 1052 
1959 l 131 -3 2 .4825 - . 0173 . 2000 
2 -24 -3 6 - . 07 38 - . 0176 . 4285 
3 -150 3 - 3 - • 6302 . 0176 - .1935 
4 101 31 l .4730 . 1662 . 0689 
1960 1 74 - 36 -4 . 2458 -. 1956 - . 3076 
2 13 - 21 1 . 0377 - . 1350 . 0869 
3 -193 17 l -.7 583 . 1170 . 0800 
4 12 8 -1 . 0731 .0481 - . 0800 
1961 1 74 -2 8 6 . 3574 -. 1794 .4000 
2 -4 13 8 - . 0165 . 0875 . 3636 
3 -112 16 -5 -. 6086 • 0981 -.2127 
4 72 29 - 3 . 4390 . 1563 - . 1538 
1962 l 80 -28 0 . 3333 - . 1505 .oooo 
2 15 -49 -3 . 0521 -. 3322 - . 1818 
3 -156 22 -5 -.7 188 . 1641 - . 4000 
4 91 44 5 .4932 . 2634 . 4000 
1963 l 103 1 8 . 3658 . 0052 .42 10 
2 -9 0 -3 - · 027 3 . oooo - .1395 
3 - 114 30 - 2 -.4269 . 1463 - . 1052 
4 67 61 0 . 27 51 . 2435 . 0000 
1964 l 134 -1 0 -1 . 3895 - .0362 - . 0540 
2 2 16 0 . 0048 . 0573 . oooo ., 
.J -229 - 30 -3 -. 7671 - .1102 - . 1818 
4 100 58 -2 . 427 3 . 2027 - . 1428 
J ~· 0 
~Ip 
t 
M B 
t 
.IL ,~ t ~IP t ,6 IB t .6, IL t 
1965 1 51 -7 0 - 2 .1 647 - • 2 500 - . 1666 
2 -111 - 7 3 -1 - . 3971 -. 3501 -. 0952 
3 - 98 22 0 -.5600 . 1202 . 0000 
4 26 66 2 .1870 . 2 907 . 1818 
1966 1 65 -32 l .352 3 -.1311 . 0806 
2 -3 -16 9 - . 0139 - • 0727 . 51 42 
3 -63 19 - 1 - . 3452 • 0857 -.0465 
4 83 76 -4 . 4311 . 282 5 - • 2105 
1967 1 97 - 7 -2 . 3433 - • 0230 - . 12 50 
2 - 38 - 24 0 -.1217 - • 0833 . 0000 
3 -90 -33 -4 -. 362 9 -.127 1 - • 3076 
4 83 32 4 . 3394 . 1235 • 3076 
